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Abstract 
This dissertation was written as a part of the MSc in energy building design at the 
International Hellenic University. 
 Energy Poverty is a tremendously rising phenomenon which takes place on a global 
level, affecting people’s life in a variety of ways and it is defined as the situation in 
which people are not able to keep their home warm enough or they spend more than 
10% of their total income in order to properly heat their dwelling. In recent years, the 
need for tackling the problem was born, as it is a big challenge for societies and every 
year more and more people are under the risk of energy poverty. In the first part of this 
study, a general perspective of European state of the art is made with the main parame-
ters compounding energy poverty as well as the existing policies and frameworks to 
combat it with. In the second part, a case study of Greece is examined, focusing on the 
C' and D' climatic zones. The state of the art and its findings on climatic, income and 
building criteria are presented. 
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“It is the duty of scientists to use science to relieve hun-
ger and poverty. If more of us did that, it would help to 
overturn the political mismanagement and corruption 
that is the biggest cause of human misery.” 
 
 
Gordon Sato
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1 Introduction 
Energy poverty is one of the most demanding challenges that societies will have to deal 
with in the next decades. Energy poverty is often defined as the situation in which peo-
ple are not able to keep their home warm enough or they spend more than 10% of their 
total income in order to properly heat their dwellings[1]. Moreover, the presence of 
leaking roofs, damp walls or root in windows may highlight an implication of energy 
poverty[2]. The phenomenon is not only about adequate heating, but also refers to other 
comfort conditions such as cooling during the summer season, adequate lighting, air 
quality through ventilation and proper levels of relative humidity[3]. It has been ob-
served that Europeans tend to spend around 90% of their time indoors where people’s 
wellness and comfort is being affected. Hence, the increased levels of humidity, the 
wrong indoor air temperature for human body or the high concentrations of CO2 and 
VOC's emissions may lead to health issues and damages to the occupants such as aller-
gies, asthma, cardiovascular, respiratory issues and in the worst case death. Moreover, 
several studies revealed that poor air quality often induces building related health symp-
toms as these usually disappear when people leave the building. The terminology of this 
situation is known as “Sick Building Syndrome” and, can of course, be affiliated to en-
ergy poverty due to improper indoor living standards[4]. The majority of these factors 
are being set by the use of energy[3]. 
Initial studies and observations on this problem were first conducted in the 1980’s in 
the United Kingdom, where statistical data and indicators were analysed in order to find 
the reverberations of this situation on the people who were being affected[2]. Energy 
poverty is a reality for more than 50 million European citizens that they who have ar-
rears on their energy bills or cannot pay them and, in general, cannot live in proper liv-
ing conditions in their houses. In Eastern and Southern Europe, approximately 20-40% 
of poor households live in houses with leaking windows and about 17% in the UK live 
in houses with mould, damp walls, leaking windows and other severe issues, affecting 
resident’s health[3]. EU Survey of Income and Living Conditions findings have shown 
that from 2010 to 2011, nearly 10% of the population were not able to heat their home 
properly, almost 16% lived in damp, leaking or rotted dwellings and 10% had arrears on 
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their utility bills.  In 2003, Eurostat expressed that nearly 161 million people had in-
commensurate housing expenses, 87 million lived in inappropriate homes and 41% 
could not afford to pay their utility bills. From a more general perspective, more than 
50% are of hazard to face with energy poverty.  The most susceptible population to 
health impacts from energy poverty are elderly people, infants, pregnant women, people 
with illnesses and single parent families. The worst case scenario depends on mortality 
and morbidity from extreme cold conditions during winter season and heat waves dur-
ing the summer season. Almost 40,000 Europeans from 11 countries die each year be-
cause of excessive winter energy poverty effects[5]. According to Santamouris and 
Goswami [3], the highest rates of energy poverty were measured in Bulgaria and Cy-
prus 65%, in Portugal 50%, in Latvia 49%, in Romania and Lithuania 48%, in Italy 
40%, in Poland and Greece 37% and  in Spain 31%. 
The holistic view of the problem is attributed to the direct health impacts as well as 
in the indirect, which may not seem so severe at first glance but they do harm people’s 
life. Southern Europe, especially, has to deal with both cold stress and heat waves dur-
ing winter and summer seasons, respectively. On the one hand, the excessively cold 
conditions, have been assessed as likely to cause heart attacks, strokes, respiratory dis-
eases, infections, falls and injuries and hypothermia. On the other hand, very high tem-
peratures during the summer months could result in thrombosis due to a loss of salt and 
water during sweating and strain on heart failures due to additional blood flow to the 
skin. 
However, energy poverty has additional indirect effects, deteriorating the quality of 
life in various ways. It affects all operations that encompass the mental health system. 
Specifically, energy poverty could lead to anxiety, depression, stress and worrying 
about one’s house condition and debt. It can also lead to isolation, social exclusion and 
feelings of inferiority, as the deprivation of the basic needs and goods is severe and end-
less. Moreover, illness from the cold in the UK is estimated to cost 1 billion per year, as 
the number of patients entering hospitals due to cold-related illnesses tremendously in-
creases during excessively cold temperatures. The same situation exists in other coun-
tries in Europe as well. To measure winter mortality by energy poverty, an indicator 
known as Excess Winter Mortality (EWM) or Excess Winter Deaths (EWD) has been 
established[6]. According to a representative survey conducted by Robi´c and Anci´c 
[7] in Croatia and from a sample of 375 vulnerable households data collection, 57% of 
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the respondents mentioned that they faced difficulty in households activities, due to 
their health problems. Furthermore, 60% of respondents felt pain and 60% got de-
pressed. Approximately 30% felt unable to socialize because of their health problems. 
As a conclusion, it was pointed out that vulnerable consumers exhibited health issues 
more often in comparison to the healthy population[7]. 
1.1 How is energy poverty defined 
To assess the phenomenon thoroughly, it is important to conceive exactly what energy 
poverty means. Although several studies examined the topic, there is no common defi-
nition throughout Europe addressing energy poverty and this lack tends to augment the 
severity of the problem. Every single country used its own definition for energy pov-
erty[8]. For example, Belgium defines energy poverty as “Households spend too high a 
proportion of their disposable income on expenditure for energy.” or according to Aus-
tria “A household is considered energy poor if its income is below the at-risk-of poverty 
threshold and, at the same time, it has to cover above average energy costs.”[1]. Also, 
some countries, for example UK, uses the term “fuel poverty” instead of “energy pov-
erty”. It is clear that a conflict exists between the two terms and which of the two is bet-
ter. Although, the phenomenon is commonly known as energy poverty, there are a lim-
ited number of authors supporting that there is a clear distinction among these terms. 
More specifically, they insist that fuel poverty, on the one hand, is about wealthy coun-
tries with cold climates, and on the other, energy poverty is happening mainly in poor 
countries in both cold and warm climates. Each region conceptualizes and defines the 
problem in its own way and approaches it from different perspectives.  
Thus, it is difficult to tackle energy poverty, if there is no joint attempt from all Eu-
ropean countries defining the exact problem and reaching similar policy solutions. 
Adopting a specific legislative program is necessary, as researches have shown that 
there was no effectiveness to combat energy poverty till now with the existing tech-
nique[8]. 
1.2 Measuring and tackling energy poverty  
Another issue difficult to handle is measuring energy poverty. There are no specific 
techniques or methodologies on how it should be measured efficiently and thus its prop-
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er measurement is controversial. The disambiguation mainly concerns spatial issues for 
example if metrics should be performed on European, on regional or on local scale.  
At this point a division between energy poverty and energy poor should be done. By 
the “energy poverty” definition, some approaches, especially in Northern countries, tend 
to address the situation concerning only the poor or low-income population, meaning 
that energy poverty is one of the problems that, generally, poverty causes.  On the other 
hand, there are arguments defining being in an energy poor situation, as having difficul-
ty in paying the bills and does not consequently mean that they suffer from poverty in 
general.  
The first mention of the problem was in Third Energy Package, in which Directives 
2009/72/EC and 2009/73/EC stated the existence of a huge and growing problem ad-
dressing all European regions and urged them to ensure energy supply for vulnerable 
consumers who were financially unable to pay their bills because of high energy prices 
and low income conditions. The Third Energy Package framework favours poor cus-
tomers and ensures that they will do have a connection to the energy supply, even 
though they have arrears on their utility bills. It insists on protecting the vulnerable con-
sumers by explaining the importance of the energy to every single household[9]. Ac-
cording to Santamouris and Goswami [3], energy is a fundamental commodity in peo-
ple’s life and in some way determines the quality of life. Energy is also linked to eco-
nomic and social development and it is an indicator of well-being in society[3]. Due to 
the financial crisis of 2007 to 2012 in Europe, total energy consumption in the residen-
tial sector was reduced by 4%, while in countries with huge economic problems the re-
duction reached 22%. In Greece, throughout the severe economic recession energy con-
sumption was shrunk by 20% just in one year. Low income, inadequate building quality 
and high energy prices are the main drivers of energy poverty according to the pan-
European monitoring center which was formed especially to tackle the situation[9]. In 
the abovementioned (Gas and Liberalization) Directives, national governments were 
asked to develop those measures in order to face the problem through action plans. Ad-
ditionally, with the framework of social and energy efficiency policies, national policies 
protecting the vulnerable population were boosted. The European Economic and Social 
Committee opinion on energy liberalization(7/2010) followed, which underlined the 
need for creating a European Energy Poverty Monitoring center led by the Cooperation 
of Energy Regulators and the need for existing statistic studies to describe the situation 
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all over Europe. To continue, the European Commission (11/2012), composed another 
framework against the energy poverty situation, whose operation was to urge Member 
States to establish policies in the long run. This was the ultimate goal in order to support 
retrofitting and energy quality of the dwellings, instead of giving funds to vulnerable 
people, which was only a temporary “helping hand”. The European Commission also 
recommended three methods of measuring energy poverty. One way was to estimate 
how much of the population suffer from the problem by measuring the households with 
difficulties in paying their utility bills. A second approach was to quantify those who 
spend over a given threshold of energy expenditure for meeting their needs and finally, 
to estimate how many have arrears on their energy bills. After these, a variety of actions 
and policies dealing with energy poverty were created such as the “Revision of the En-
ergy Efficiency Action Plan” stating the necessity of improving the quality of dwellings 
and Energy 2020 which did not help the situation as it suggested very general plans for 
meeting the needs. These provisions stated a few specific recommendations and plans 
around the topic till 2011, as they were very general and there was a lack of a strong 
institutional center. They also conducted top down efforts which were headed by con-
sumer needs and not by the holistic need for energy refurbishment of the buildings. It is 
evident that this specific monitoring and methodology procedure did not work efficient-
ly, as the gap of practical implications as well as the lack of a common approach about 
the definition, still exists[9]. 
The main tools that were established to defeat energy poverty specifically, were the fol-
lowing: 
➢ French National Observatory of Energy Poverty – ONPE. This tool was set up 
in 2010 and provides reliable information on what energy poverty is and collects 
data from different organizations. The Observatory is funded with 1 million Eu-
ros every 3 years.  
➢ The EU Fuel Poverty Network, consisted of an online site sharing information 
about energy poverty on a European level. It shows a geographical representa-
tion of households with arrears on their energy bills, with an inability to warm 
their indoor spaces and finally with inappropriate living conditions. It has been 
working since November 2011.  
➢ The INSIGHT_E Observatory, provides advice against energy poverty and rec-
ommended policies. It intends to give scientific knowledge and high quality da-
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ta. This tool costs approximately 650000 Euros per year including all its opera-
tions and structures. 
➢ The Belgian Energy Poverty Barometer, is a platform containing scientific in-
formation collected by Universities and it has existed since 2015. It assesses 3 
different types of energy poverty: measured energy poverty (MEP), hidden en-
ergy poverty (HEP) and perceived energy poverty (PEP).  
➢ The Wakefield Observatory, in England, reveals local data about households liv-
ing under energy poverty standards. Public authorities, the government and 
community groups especially contribute to the tool. Set up costs, for this obser-
vatory, were about 50000 Pounds.  
➢ ODYSEE_MURE, is a platform providing policy measures with the potential 
goal of energy efficiency. It was funded by the Intelligent Energy for Europe 
program and has to inform policymakers and energy analysts with reliability of 
data. Its main operation is to collect and checks gathered data.  
➢ MEPI, constitutes a fundamental tool, established by UN-energy and it conducts 
household surveys to track energy deprivations.  
➢ The UK’s Annual Energy Poverty Statistics Report’s role is to provide data 
about the energy poverty situation in England every year. It specifically insists 
on energy prices, income and energy efficiency of dwellings[1].  
➢ Smart-Up, which refers to vulnerable consumer empowerment in a smart meter 
world, intends to embolden vulnerable customers to use Smart Meter for their 
energy consumption.  
➢ Assist, helps the vulnerable population to manage their energy consumption cor-
rectly by using some advice composed specifically for this reason.  
➢ Fiesta, which means “Families Intelligent Energy Saving Targeted Action”, 
constitutes another notable tool as its main aspect is to ensure that local authori-
ties manage to assist households on energy saving techniques.  
➢ Reach, (Reduce Energy Use and Change Habits), is aimed at energy poverty 
mitigation by giving the problem the demanded attention which postulates prac-
tical policy approaches. 
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➢ Combi, by definition means Calculating and Operationalising Multiple Benefits 
of EE in Europe. Its prevalent goal is to measure a variety of energy efficiency 
aspects such as air pollution, economy and energy systems[10].  
Many European countries aim to reduce the population at risk of energy poverty by 
15% utilizing investments given for public buildings and multi-family households. De-
spite the large amounts of funds that have been invested by the European Union to elim-
inate energy poverty, the problem still exists and proliferates throughout Europe. These 
tools had been established after 2014, but they indeed introduced, in pan-European lev-
el, the issue in order to enhance its importance and its necessity for immediate mitiga-
tion. In order to get to know the problem deeper, all those factors that influence it 
should be taken into consideration[11].   
 
1.3 Where does energy poverty derive from? 
Energy poverty is a multi-dimensional phenomenon. There are a number of aspects ex-
acerbating more or less the problem.  
First and foremost, the energy efficiency of buildings plays a fundamental role in 
energy poverty. It has been observed that, 13 of 28 European Member States, over 20% 
of the population, who earn less than the median income, face extremely cold living 
conditions in their dwellings. Cyprus, Bulgaria, Greece, Lithuania, Latvia and Portugal 
are the dominant countries dealing with the impact of energy poverty. Delving deeper 
into the problem, the building stock in the European Union was built approximately be-
fore 1970. Thus, there is a variety of reasons explaining why these constructions are in-
efficient. The lack of insulation in walls, windows, floors and roofs, causes huge 
amounts of heat exchange with the ambient. As a reverberation, large amounts of ener-
gy are spent not only for the household needs, but also for the thermal bridges caused, 
increasing so the total amount of energy consumption. Heating needs depict the 80% of 
the total energy consumption in a household. The consumption depends mainly on the 
weather and climate conditions of the area, on the energy efficiency of the building, on 
the occupant’s behavior and on the household income. In South Europe, cooling is an 
extra problem, in contrast to Northern Europe that does not have this demand. Low en-
ergy efficiency of the existing building stock is one of the parameters that reproduce 
energy poverty. Poor indoor conditions deteriorate as the time goes by and there is no 
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maintenance or renovation. The old building stock creates a barrier to the nearly Zero 
Energy Buildings Directive and to the next generation’s inheritance.  
Secondly, energy poverty derives from another significant cause: the household in-
come level. According to Santamouris and Goswami [3], low income households in Eu-
rope cannot afford to pay for their heating needs through the winter season. It has been 
observed that in South Europe approximately 25% were unable to pay for heating, fac-
ing the heating need as a luxury service[3]. Income standards restrict in any case the 
way of living in an apartment. For example, income determines the number of electric 
appliances being used and their consumption and mainly the energy consumption for 
heating and cooling. If a higher income is available, the occupant’s behavior is usually 
different, consuming more energy in comparison to a low income household which tries 
to save money. Income also defines, in some cases, the type of building chosen by the 
occupants, meaning that if it is about a single family dwelling with a high or medium 
income condition, they may choose a bigger and a more comfortable house but at the 
same time with higher energy demands. Moreover, the poor tenants are unable to main-
tain any damages or decays of their dwelling because of weather conditions and age, 
resulting in the creation of an endless cycle of building gaps. So, a strong connection 
exists between poverty and energy poverty and inevitably acts as an outstanding in-
dex[12]. From another point of view, income prescribes the type of energy used for 
meeting the needs in the households. Energy poverty can be described by the use of bi-
omass for heating and cooking needs. There is a huge number of Europeans who use 
wood, coal, dung and other waste materials to satisfy their heating and cooking needs. 
As soon as the materials get burned, they produce hazardous gases for the occupants’ 
respiratory system. In this way, high levels of pollution indoors are created, being ex-
tremely dangerous for the health of the residents. The World Health Organization 
(WHO) revealed that PM10 concentrations in such dwellings are between 303 and 3000 
μg/m3 and in some extreme cases they can reach 10,000 μg/m3, which is a number high-
er than what the outdoor air pollution levels permitted[13].  
Climatic conditions are of huge importance as an energy poverty driver. The climate 
influences the total amount of energy consumption in households especially heating and 
cooling[14]. High outdoor temperatures unambiguously lead to a higher energy demand 
for heating in buildings and vice versa, especially in cases when the constructing mate-
rials are not effective and insulation is missing[15]. Extreme cold or heat waves create a 
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huge barrier for the poor population to be able to pay their bills leading to debts or suf-
fering from climatic conditions by not consuming enough energy[14].  
The aforementioned drivers are the most significant to influence energy poverty but 
there are more parameters affecting the problem too. Occupants’ behavior and their hab-
its substantially affect the total consumption of energy because the levels in which they 
feel thermal comfort are very subjective. Older people and children are more sensitive 
and susceptible to temperature differences and they do have the need for higher energy 
consumption. People that are suffering from illnesses are in need of more electricity due 
to the constant energy consumption of their supporting devices[6]. Of course, when en-
vironmental awareness is on the table for some part of the population, it leads to lesser 
energy consumption by using other means such as adequate clothing in the winter or 
natural ventilation in the summer. Hence, occupant’s behavior is definitely linked to 
personal health, habits and motivation of each person[16].  
Last but not least, the cost of energy supply plays a fundamental role in a house-
hold’s final energy consumption. Relying on Hansen’s [17] survey, high prices of sup-
ply cost preoccupy lower heat consumption levels especially referring to the low in-
come population. Energy policies as well as national policies, are strong determinants of 
energy poverty levels. Price levels, national policies and local initiatives prompt house-
holds to move onto energy efficiency improvements in order to save energy and money. 
For example, in Denmark local motivations for energy efficiency retrofits were given, 
which were subsidized due to tax deductions of home services expenditures.  
So, low energy supply cost and energy efficiency policies and practices would, 
without a doubt, open the horizon to a greener and more adequate household living, es-
pecially for the poor population who suffer from energy expenditures[17]. 
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2 State of the art  
Over the last decade, energy poverty has become a serious topic, which concerns all Eu-
ropean members and it is gradually growing every year. Energy poverty and climate 
change are the most dominant issues affecting a huge part of population these days[14]. 
In order to look deeper into the problem, an economic outlook, the building stock, the 
climatic conditions in each country and European policies tackling the problem are be-
ing developed. 
The economic condition in Europe is not stable. After 2010, the economic crisis af-
fected the majority of European members creating huge burdens to the economic 
growth. In the following part, the economy and the growth of every region will provide 
a spectral view and a comprehensive idea of the economic situation in Europe with 
GDP numbers. 
Another cause of energy poverty is the building stock’s low energy performance. 
The building stock in Europe is quite energy consuming because of its age of construc-
tion (constructed before energy saving regulations). In addition, the needs were different 
and there was no attention given to energy savings in the previous decades. A low ener-
gy building construction leads to a lesser energy consumption on the inside because of 
an adequate envelope. Thus, the part for the European building stock will denote and 
display the huge number of buildings that are old and non-insulated, making the energy 
bills unaffordable and the indoor thermal comfort conditions deficit.  
Europe’s climate differs between its different regions. It can be Mediterranean, or 
Continental, Temperate or Cold. The climatic conditions indicate the energy demands 
for the cooling and heating of buildings needed in different European countries.  
Numerous measures and policies have been established for all the aforementioned 
parameters which are the leading origins of the problem. Energy poverty policies would 
explain how this phenomenon is dealt with at the moment and what tools and frame-
works are being developed to combat it.  
2.1 European economic outlook and growth 
Austria is one of the most prevalent and strong economies in Europe. Its growth de-
pends on its exports and unemployment as well as the heavy manufacture processes of 
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the country. Economic growth (GDP, annual variation %) increased from 0.0 in 2013, to 
0.8% in 2014, to 1.1% in 2015, in 1.5% in 2016 and 3.0% in 2017.  
The economic outlook of Belgium has shown a downbeat in manufacturing and 
trading. Wage growth remained above inflation level and low financing costs still sup-
port growth. Its economic growth (GDP, annual variation %) moved from 0.2% in 2013, 
to 1.3% in 2014, to 1.4% in 2015, in 1.4% in 2016 and 1.7% in 2017.  
Cyprus’ unemployment remained low, as in the previous years, supported by a 
growth in tourism resulting in the strengthening of the markets. There was also a gener-
ally improved labor market on every level. Economic growth (GDP, annual variation 
%) increased from -5.9% in 2013, to -1.4% in 2014, to 2.0% in 2015, in 3.4% in 2016 
and 3.9% in 2017.  
Economic indicators for Estonia depicted that there was a drop in growth for this 
year because of a slowdown in the manufacturing process. Unemployment fell com-
pared to the previous years with higher wages and household spending. Economic 
growth (GDP, annual variation %) moved from 1.9% in 2013, to 2.9% in 2014, to 1.7% 
in 2015, in 2.1% in 2016 and 4.9% in 2017.  
Finland has shown a positive economic performance in general as primary produc-
tion and services increased. The low unemployment numbers and the investment growth 
tend towards reaching the best possible levels as in the previous years. Economic 
growth (GDP, annual variation %) jumped from -0.8% in 2013, to -0.6% in 2014, to 
0.1% in 2015, in 2.3% in 2016 and 2.6% in 2017.  
France’s economic indicators revealed stability in job creation and new indirect tax-
es appeared, raising the risk sentiment in markets. Economic growth (GDP, annual vari-
ation %) increased from 0.6% in 2013, to 1.0% in 2014, to 1.0% in 2015, in 1.1% in 
2016 and 2.3% in 2017.  
In Germany, total investments and public consumption expanded. There was a small 
drop in unemployment and rising income expectations increased the public consumer’s 
confidence. Germany displayed, once again, the world’s largest current account surplus. 
Economic growth (GDP, annual variation %) moved from 0.5% in 2013, to 1.9% in 
2014, to 1.7% in 2015, in 1.9% in 2016 and 2.2% in 2017.  
Greece exited its third bailout program last August, after eight years of European fi-
nancial help from supporting mechanisms. Before this exit, a disbursement of EUR 15 
billion from the Europe aid mechanism was given, to ensure enough financing for the 
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next two years. This brought a huge loan debt of EUR 289 billion to the country, which 
is going to be paid for many years. Moreover, unemployment dropped and manufacture 
production was raised in general, even though it had dropped last June. Non- perform-
ing loans still exist posing a threat to the economic growth. However, economic growth 
(GDP, annual variation %) jumped from -3.2% in 2013, to 0.7% in 2014, to -0.3% in 
2015, in -0.2% in 2016 and 1.4% in 2017.  
Ireland’s data have shown an expansion of the economy. More specifically, unem-
ployment dropped, while industrial production increased this year. Exports picked up 
due to worldwide retail sales. Economic growth (GDP, annual variation %) moved from 
1.6% in 2013, to 8.3% in 2014, to 25.6% in 2015, in 5.1% in 2016 and 7.8% in 2017.  
Italy faced a slow rate economic growth this year. Unemployment picked up last 
June, while businesses and consumers dropped the risk sentiment. Economic growth 
(GDP, annual variation %) increased from -1.7% in 2013, to 0.2% in 2014, to 0.8% in 
2015, in 1.0% in 2016 and 1.6% in 2017.  
Latvia’s growth has the second fastest pace in the last 5 years. The unemployment 
rate decreased to a lower level in the last 5 years. Also, this year, high levels of invest-
ments took place due to activity in the construction sector. Additionally, a growth in ex-
ports boosted the total economic growth of the country due to a European demand. Eco-
nomic growth (GDP, annual variation %) moved from 2.4% in 2013, to 1.9% in 2014, 
to 3.0% in 2015, in 2.2% in 2016 and 4.5% in 2017.  
Lithuania’s economy indicators have shown a decrease in unemployment and an in-
crease in retail sales. European ratings revealed its fiscal performance as it was not sta-
ble anymore but only positive. Economic growth (GDP, annual variation %) jumped 
from 3.5% in 2013, to 3.5% in 2014, to 2.0% in 2015, in 2.3% in 2016 and 3.9% in 
2017.  
Luxemburg’s economy was on the rise due to an oversupply in retail sales and con-
sumer confidence. Export rates seemed to be high while import rates flat. Economic 
growth (GDP, annual variation %) moved from 3.7% in 2013, to 5.8% in 2014, to 2.9% 
in 2015, in 3.1% in 2016 and 2.3% in 2017.  
Malta’s economic outlook seems to be positive, as a solid growth has been observed 
in the economy of the country. In addition, tourism boosted the economy enough, due to 
the tourist arrivals and expenditures inside the country. Economic growth (GDP, annual 
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variation %) moved from 4.6% in 2013, to 8.1% in 2014, to 9.6% in 2015, in 5.2% in 
2016 and 6.4% in 2017.  
The Netherlands increased its exports due to the overseas demand but domestic de-
mand remained stable. There were investments which helped the markets as the private 
consumption did too. Economic growth (GDP, annual variation %) rose from -0.2% in 
2013, to 1.4% in 2014, to 2.3% in 2015, in 2.2% in 2016 and 3.2% in 2017.  
Portugal’s economy indicators have shown that average annual growth in retail sales 
dropped. Consumer confidence was not enough to keep private consumption at high 
levels. Business, related to manufacturing, improved and public debt was eliminated. 
Economic growth (GDP, annual variation %) moved from -1.1% in 2013, to 0.9% in 
2014, to 1.8% in 2015, in 1.6% in 2016 and 2.7% in 2017. Talking about Portugal, the 
average annual growth in sales dropped on the one side, but on the other side exports 
and trading increased. Tourism revenues were doubled which gave a helping hand to the 
economy of the country. Consumer sentiment was decreased but business improved as 
the manufacturing process reached a really high level compared to the previous ones. 
Economic growth (GDP, annual variation %) moved from -1.1% in 2013, to 0.9% in 
2014, to 1.8% in 2015, in 1.6% in 2016 and 2.7% in 2017.   
Slovakia’s economy GDP growth accelerated and increased in just over two years. 
In 2018, domestic demand was high, despite of the steady investment activity and man-
ufacture. Retails sales increased so they brought a rise to the wages too. Net exports 
boosted the export growth of the country. Economic growth (GDP, annual variation %) 
was slipped from 1.5% in 2013, to 2.8% in 2014, to 3.9% in 2015, in 3.3% in 2016 and 
3.4% in 2017. 
Slovenian figures and data indicated that, in 2018, its economy has been strength-
ened due to continuing exports and industrial process. Additionally, strong investment 
and healthy private consumption supported the country’s total economic growth until 
now. More specifically, economic growth (GDP, annual variation %) grew from -1.1% 
in 2013, to 3.0% in 2014, to 2.3% in 2015, in 3.2% in 2016 and 5.0% in 2017. 
Spain was observed losing ground on its economy’s growth during the last four 
years, due to a significant decrease in exports. After 2015, growth slightly dropped but 
the public debt was shrunk from 99.4% to 98.3%. Economic growth (GDP, annual vari-
ation %) decreased from -1.7% in 2013, to 1.4% in 2014, to 3.4% in 2015, in 3.3% in 
2016 and 3.1% in 2017[18].  
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From a general perspective, Europe’s preliminary data have depicted that weak ex-
ports, low domestic demand, high inflation and low trading activity overseas exist. 
 
2.2 European building stock 
Austria. 
Table 1: Number of residential buildings and square meters useful floor area 
  Construction 
Period 
  
SFH MFH AB 
from To 
  single family 
houses 
terrassed and multi-
family houses* 
apartment blocks 
1  1918 
number of res.-
bui. 
171,291 34,790 15,203 
square metres 24,775,075 14,003,842 16,947,540 
2 1919 1944 
number of res.-
bui. 
97,794 18,033 5,020 
square metres 11,920,467 6,069,886 4,326,033 
3 1945 1960 
number of res.-
bui. 
158,417 19,763 7,771 
square metres 20,047,041 7,049,862 7,367,726 
4 1961 1980 
number of res.-
bui. 
419,848 37,356 21,732 
square metres 59,755,244 14,943,948 28,868,193 
5 1981 1990 
number of res.-
bui. 
224,692 17,845 6,114 
square metres 32,463,527 7,879,064 8,410,398 
6 1991** 2000** 
number of res.-
bui. 
170,966 18,446 4,510 
square metres 24,491,315 8,159,392 5,185,161 
7 2001 2010 
number of res.-
bui. 
179,083 19,137 5,038 
square metres 27,605,363 8,384,987 6,178,288 
8 2011 2013 
number of 
res.-bui. 
25,714 2,873 1,345 
square metres 4,262,240 1,343,948 1,707,848 
  
missing** 
number of 
res.-bui. 
36,371 3,354 2,144 
 square metres 4,335,113 1,563,331 3,346,185 
 
sub total 
number of 
 
res.-bui. 
1,483,812 171,597 68,877 
 square metres 209,655,385 69,398,260 82,337,372 
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Total 
number of res.-
bui. 
1,724,286 
 square metres 361,391,017 
 
Source: Statistik Austria (2014). 
 
Table 2: Rates of thermally refurbished envelope areas from 2000 to 2010 
% of total 
stock of 
dwellings per 
year 
Rehabilitation of 
windows in major 
parts of the build-
ing 
Rehabilitation of 
facades including 
thermal insulation 
Change 
of boil-
ers 
Insulation 
of the upper 
ceiling 
Combination 
of three out 
of four reno-
vation activi-
ties 
Residential 
buildings 
2.4 % 1.8 % 1.8 % 1.5 % 0.9 % 
 
Source: Environment Agency Austria (2013). 
 
Austria’s total number of residential building stock is 1,724,286. Most of it was 
built before 2000 and as a reverberation it is very old and of low energy performance. 
Only about 2% of it was refurbished to some extent in order to increase its energy per-
formance. 
 
Bosnia-Herzegovina. 
Table 3: Number of residential buildings 
Construction SFH TH MFH AB sum 
year class number of dwellings (1000)  
before 1945 12.1 1.6 5.5 0.1 19.3 
1946-1960 30.6 2.2 37.6 17.2 87.6 
1961-1970 110.4 10.5 68.2 51.3 240.4 
1971-1980 244.5 14.9 73.2 105.0 437.6 
1981-1991 306.9 8.9 14.0 40.5 370.3 
1992-2014 323.6 10.2 72.0 58.3 464.1 
Sum 1028.1 48.3 270.5 272.4 1619.3 
 
Source: Faculty of Architecture and Faculty of Mechanical Engineering - University of Sarajevo an  Faculty of Ar-
chitecture, Civil Engineering and Geodesy and Faculty of Mechanical Engineering - University of Sarajevo as well 
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as independent experts for the TABULA project, a data base of a representative survey of Bosnia and Herzegovina 
residential building stock, Ipsos (2015). 
 
Table 4: Square meters of useful floor area 
construction SFH TH MFH AB sum 
year class living space (million m2)  
before 1945 0.75 0.09 0.28 0 1.12 
1946-1960 1.82 0.12 1.81 0.31 4.06 
1961-1970 7.06 0.69 3.38 2.79 13.92 
1971-1980 20.64 0.96 3.62 7.15 32.37 
1981-1991 29.58 0.80 0.85 2.59 33.82 
1992-2014 32.96 0.88 4.26 2.50 40.6 
Sum 92.81 3.54 14.2 15.34 125.89 
 
Source: Faculty of Architecture and Faculty of Mechanical Engineering - University of Sarajevo and  Faculty of 
Architecture, Civil Engineering and Geodesy and Faculty of Mechanical Engineering - University of Sarajevo as well 
as independent experts for the TABULA project, a data base of a representative survey of Bosnia and Herzegovina 
residential building stock, Ipsos (2015). 
 
Table 5: Insulation level of the buildings 
 
year class 
                              
insulation in exterior walls (%) < 1970 1971-1980 1981-1991 1992-2014 total 
Yes 16.26 21.78 26.78 41.46 28.07 
No 82.74 78.22 73.22 58.5 71.9 
Unknown 0.15 
  
0.04 0.03 
insulation thickness (%) < 1970 1971-1980 1981-1991 1992-2014 total 
< 5 cm 52.27 61.97 64.16 57.62 59.32 
5 cm 9.88 22.75 28.01 31.59 27.16 
6-10 cm 3.81 6.14 5.68 6.62 6.22 
Unknown 29.04 2.15 2.15 4.17 7.3 
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average wall insulation thickness 7 cm 
 
Source: Ipsos Strategic Marketing in cooperation with Faculty of Architecture and Faculty of Mechanical Engineer-
ing - University of Sarajevo and  Faculty of Architecture, Civil Engineering and Geodesy and Faculty of Mechanical 
Engineering - University of Sarajevo as well as independent experts for the TABULA projecta data base of a repre-
sentative survey of Bosnia and Herzegovina residential building stock (2015), pondered in relevance to the official 
statistical data from Statistical Office of the Republic of Bosnia and Herzegovina ,(2016.). 
 
In this country there are 1619,000 dwellings in total. The preliminary constructing 
activity was carried out before 1945. Table 5 reveals that before 1991 the majority of 
the buildings were built with a lack of insulation in their exterior walls. This caused an 
aggregation of building stock with very low energy performance. Thermal insulation, 
mainly concerned the constructions after 1992, but this does not mean that the differ-
ence in the energy performance between these dwellings was clearcut. Most of them 
still have less than 5 cm of insulation material in their walls, or insulation is not working 
properly because, due time it loses its thermal properties.  
 
Belgium. 
Table 6: Frequencies of 6 aggregated and representative dwelling types in Belgium stock 
 
Building period 
Number of housing units 
 
Single Family Houses SFH I until 1970 2,126,913 
 SFH II 1970-1990 810,024 
 SFH III 1991-2006 392,813 
Multi Family Houses MFH I until 1970 656,743 
 MFH II 1970-1990 319,895 
 MFH III 1991-2006 216,397 
TOTAL   4,522,784 
 
Source: IEE TABULA - Typology Approach for Building Stock Energy Assessment W. Cyx , N. Renders, M. Van Holm en S. Verbeke 
(2011). 
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Table 7: Average properties of building envelope for the 6 representative types (per hous-
ing unit) 
Per housing unit SFH I SFH II SFH III MFH 
I 
MFH 
II 
MFH III 
U-value floor W/m²K 1.04 0.95 0.76 1.00 0.85 0.58 
U-value wall W/m²K 1.89 1.56 0.81 1.78 1.52 0.78 
U-value window W/m²K 3.91 3.53 2.53 3.99 3.67 2.47 
U-value roof W/m²K 1.86 1.32 0.69 1.92 1.36 0.57 
 
Source: IEE TABULA - Typology Approach for Building Stock Energy Assessment W. Cyx , N. Renders, M. Van 
Holm en S. Verbeke (2011). 
 
Before 1970, there were 2,126,913 single family houses with very high U-values in 
the envelope of the building, decreasing their energy performance. After 1970, type II 
represents a huge number of buildings with also high U-values. Finally after 1991, SFH 
III addresses a type of buildings with tolerable thermal insulation. Multi-family houses 
reacted in the same way as the aforementioned dwelling type, as new technology in ma-
terials’ properties was introduced and there was an energy performance improvement 
year by year.   
 
Bulgaria. 
Table 8: Percentage of thermally refurbished envelope areas,  
Building period Total number of buildings Heated area [m²] (2) 
Single family houses 
and terrace houses  
(1000) 
Apartment blocks and  
multifamily houses(1)  
(1000) 
All type of buildings 
(1000 m²) 
until 1949 433,859 4,194 3209,740 
1950-1959 347,473 4,679 3065,490 
1960-1969 381,145 12,234 3424,370 
1970-1979 240,816 14,162 2219,590 
  -19- 
1980-1989 198,857 13,125 1845,310 
1990-1999 96,922 7,913 912,591 
2000-2011 74,144 13,023 758,791 
Total 1,773,216 69,397 15,435,886 
 
Source: National Statistical Institute, Census (2011). 
 
Table 9: Percentage of thermally refurbished envelope areas 
Dwellings Occupied dwellings Dwellings with external  
thermal insulation 
Dwellings 
with energy  
saving win-
dows 
Total (number) 2,666,733 4,284,730 9,375,740 
Refurbished dwellings (%)   16,1 35.2 
 
Source: National Statistical Institute, Census (2011). 
 
In 2011, Bulgaria’s building stock was 15,435,886 units. Specifically, occupied 
dwellings were 2,666,733 in total, with 16.1% of them having thermal insulation in their 
external walls and 35.2% energy saving windows.  
 
Cyprus. 
 
Table 10: Frequency of building types of the National Building Stock 
Construc-
tion Period 
SFH 
single family houses 
TH  
Terrace houses 
MFH  
multi-family houses 
 from 
 
To  
 
No. of 
Buil- 
dings  
National 
sq.  
meters 
No. of 
Buil- 
dings 
  National 
sq.  
meters 
 
No. of 
Buil- 
dings 
National 
sq. 
 meters 
1 … 1980 58,524 7,485,301 7,874 773,464  13,524 1,447,645 
2 1981 2006 98,025 
17,975,22
4 
8,277 928,174  39,366 4,088,088 
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3 2007 …. 19,278 3,762,191 1,670 201,056  17,236 1,537,614 
TOTAL 175,827 
29,222,71
6 
17,821 1,902,694  70,126 7,073,347 
 
Source a: Cyprus Statistical Service, Census (2011). 
Source b: Cyprus Land Development Corporation, Statistical data. 
 
The majority of all types of houses in general was built between 1981 and 2006. 
What occurs from this is that there was inadequate or no thermal insulation at all during 
this period. The energy performance of the dwellings was low with high U-values, re-
sulting in high energy consumption in general. This uninsulated building stock brings 
increased energy demands to the table. 
 
Czech Republic.  
Table 11: (single family houses and terrace houses) according to their construction or 
refurbishment period. 
uilding period 
Number of houses (1000) 
Until 1920 1921 - 
1945 
1946 - 
1960 
1961 - 
1980 
1981 - 
1994 
1995 - 
2011 
Total 
Total 199.8 271.5 113.6 370.3 277.0 294.1 1554.8 
Number of  
dwellings 
in houses 
1 164.5 210.8 90.6 259.5 219.5 256.3 1226.8 
2 32.7 56.1 22.3 108.3 55.9 36.0 314.0 
3 2.6 4.6 0.7 2.5 1.6 1.8 14.1 
Number of  
storeys 
in houses 
1 122.4 115.1 53.0 116.8 74.4 99.6 584.1 
2 65.1 137.2 56.1 238.9 188.0 174.4 861.8 
3 4.7 11.7 1.4 7.3 9.3 11.4 46.0 
 
Source: Czech Statistical Office, CSU (2001). 
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Table 12: Multi-unit housing according to construction of refurbishment period 
Building peri-
od 
Number of houses (1000) 
Until 1920 1921 - 
1945 
1946 - 
1960 
1961 - 
1980 
1981 - 
1994 
1995 - 
2011 
Total 
Total 26.1 27.8 30.6 71.4 31.7 19.0 211.3 
Number 
of  
dwell-
ings  
in houses 
2 2.1 1.4 0.7 0.9 0.8 0.9 7.0 
3 3.1 2.3 0.5 0.6 0.6 1.1 8.5 
4 4.9 4.9 5.3 6.9 2.8 1.8 27.0 
5-9 11.7 11.1 16.6 21.8 8.1 6.2 77.1 
10-
19 
3.9 6.4 6.2 26.9 10.3 5.8 60.9 
Number 
of  
storeys  
in houses 
1 1.2 0.6 0.5 0.6 0.4 0.7 3.9 
2 7.9 5.7 6.9 9.7 3.8 3.4 37.7 
3 7.7 8.9 11.2 12.2 4.8 4.9 49.9 
4 4.8 5.4 7.3 19.1 6.7 4.5 48.0 
5 3.2 3.9 2.9 8.6 2.5 2.2 23.4 
6 
and 
mor
e 
0.8 2.4 1.2 19.0 12.3 3.0 38.7 
                    
 Source: Czech Statistical Office, CSU (2001). 
 
The majority of the constructing activity happened between 1961 and 1980, but very 
few constructions had adequate thermal insulation. Before that, the majority of the 
buildings had no insulation at all. 
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Germany. 
Table 13: Frequency of building types of Germany 
 
 
construction  
period 
number of  
buildings 
number of  
dwellings 
living space 
 
  1000 1000 million m² 
"Single Family Hous-
es" 
SFH I until 1978 9342 11541 1270 
(<= 2 dwellings) SFH II 1979 - 1994 2852 3373 418 
 SFH II 1995 - 2009 2813 3144 409 
"Multi Family Houses 
" 
MFH I until 1978 2377 15120 1024 
(>=3 dwellings) MFH II 1979 - 1994 498 3639 253 
 MFH III 1995 - 2009 358 2411 179 
sum  
 18239 39228 3552 
 
Source: "Basisdaten für Hochrechnungen mit der Deutschen Gebäudetypologie des IWU", Institut Wohnen und Um-
welt, Darmstadt, October( 2013). 
 
Table 14: Percentage of thermally refurbished envelope areas 
Percentages related to building numbers of the respective classes SFH I - MFH II 
Percentage of modernized element area (with improved thermal protection) 
Building classes SFH I SFH II MFH I MFH II 
 until 1978 1979-1994 until 1978 1979-1994 
Walls 20 % 7 % 26 % 15 % 
roofs / upper floor ceilings 47 % 24 % 48 % 23 % 
basement / cellar ceiling 10 % 3 % 11 % 7 % 
windows* 35 % 12 % 44 % 24 % 
 
Source: "Basisdaten für Hochrechnungen mit der Deutschen Gebäudetypologie des IWU", Institut Wohnen und Um-
welt, Darmstadt, October (2013). 
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According to Table 14, thermal insulation techniques on buildings existed before 
1978 and to an adequate level for the early time period. Of course, insulation needs 
were important due to the cold climatic conditions in Germany.    
 
Denmark. 
Table 15: Frequency of national building stock 
Building period Total number of buildings  
 Single-family houses Terrace houses Apartment Blocks 
    1850 35,803 3,632 1,714 
1851 - 1930 297,832 24,873 41,672 
1931 - 1950 134,001 14,204 16,659 
1951 - 1960 108,299 15,608 5,574 
1961 - 1972 273,139 31,965 6,594 
1973 - 1978 147,183 24,163 2,102 
1979 - 1998 127,005 81,801 8,647 
1999 - 2006 48,836 24,895 3,385 
After 2007 31,525 13,531 1,642 
Total 1,203,623 234,672 87,989 
 
Source: Danish Enterprise and Construction Authority, The Building Stock Register (BBR - Bygnings- og Bollgregis-
tret) (2012). 
 
Most of the buildings in Denmark were built in the period between 1961 and 1972.   
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Spain. 
Table 16: Total buildings by type and year of construction 
 Before 
1900 
1900-
1940 
1941-
1950 
1951- 
1960 
1961-
1970 
1971-
1980 
1981-
1990 
1991-
2001 
 
Source: National Statistical Institute ( 2001). 
 
The total number of building units between 1991 and 2001 was 1,415,910. For 
Spain there were no data for thermal insulation or refurbished areas at all.  
 
France. 
Table 17: Aggregation for building stock model in France 
  construction 
period 
number of 
Buildings 
(x1000) 
number of Apartments 
(x1000) 
living space  
(106 m²) 
"Single Fami-
ly Houses  
SFH I, until 
1975 
8207.5 8207.5 743.8 
SFH II, 1976-
2000 
5308.6 5308.6 512.4 
"Multi Fami-
ly  
Houses " 
MFH I, until 
1975 
1178.5 7023.4 433.7 
MFH II, 1975 - 
2000 
222.0 2986.3 176.5 
Source: INSEE 1999_LOG1 - Logements par catégorie selon l'époque d'achèvement (France métropolitaine).       
 
 
 
 
 
Table 18: Percentage of thermally refurbished envelope areas 
Single 
Unit 
Houses 
767,656 760,15 435,942 679,882 761,201 1,084,141 1,096,051 1,097,5
68 
Multi 
Unit 
Houses 
132,086 162,439 102,782 205,484 327,792 418,935 262,965 318,342 
Total 899,742 922,589 538,724 885,366 1,088993 1,503,076 1,359,016 1,415,9
10 
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percentages related to building numbers of the respective classes SFH I - MFH II 
Percentage of modernized element area 
(with improved thermal protection) 
Building classes SFH I SFH II MFH I MFH II 
 until 1975 1975-2000 until 1975 1975-2000 
Walls 37 88 19 52 
roofs / upper floor 
ceilings 
62 90 25 65 
basement / cellar ceil-
ing 
12 42 10 30 
windows* 35 75 23 57 
 
Source: ADEME: SOFRES (10000 ménages survey)  
 
Till the year of 2000, France applied thermal insulation to 88% of single family 
dwellings and 52% of multi-family houses. There were also refurbishments in roofs, in 
basements and in windows. This is quite a big number for insulation till that year, com-
pared to other countries.  
 
Great Britain. 
Table 19: Frequency of buildings of the national building stock 
 
estimated number of build-
ings  
(thousands)** 
number of dwell-
ings  
(thousands) 
living space in 1000 
m² 
SFH pre 1919 615 615 117,528 
SFH 1919-44 567 567 81,900 
SFH 1945-64 746 746 95,836 
SFH  1965-80 1,206 1,206 142,846 
SFH 1981-90 767 767 91,836 
SFH 1991- 2003 785 785 103,807 
-26- 
SFH post 2004 214 214 30,281 
Terraced house pre 
1919 
3,259 3,259 318,723 
Terraced house 1919-
44 
2,811 2,811 246,106 
Terraced house 1945-
64 
3,026 3,026 248,479 
Terraced house 1965-
80 
2,291 2,291 184,076 
Terraced house 1981-
90 
695 695 47,710 
Terraced house 1991- 
2003 
716 716 53,674 
Terraced house post 
2004 
293 293 26,630 
MFH pre 1919 373 982 66,539 
MFH 1919-44 108 314 18,963 
MFH 1945-64 168 595 33,802 
MFH 1965-80 222 952 53,172 
MFH 1981-90 106 459 22,455 
MFH 1991-2003 73 391 20,698 
MFH post 2004 48 296 16,835 
Apartment pre 1919 * * 701 
Apartment 1919-44 * * 1,131 
Apartment 1945-64 2 82 4,556 
Apartment 1965-80 4 188 10,789 
Apartment 1981-90 * * 723 
Apartment 1991- 2003 * * 1,252 
Apartment post 2004 1,401 49 2,981 
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Total  22,359 2,044,031 
 
Source: English House Survey (2009). 
 
  Table 20: Percentage on insulation level and window types 
walls roof/upper floor ceilings windows  
 
cavity 
walls  
with  
insula-
tion 
uninsu-
lated  
cavity  
walls 
non 
cavity  
wall 
no loft  
at 
dwell-
ing 
non- 
insu-
lated 
under  
150 
mm 
150 mm  
or more 
none or  
partial  
double 
glazing 
100%  
double  
glazing 
SFH 
pre 
1919 
7.4 13.7 78.8  11.7 52.3 36.1 61.1 38.9 
SFH 
1919-
44 
31.2 34.6 34.2  * 60.6 34.2 50.8 49.2 
 
SFH 
1945-
64 
56.6 36.2 7.1  * 60.0 36.6 29.4 70.6 
SFH  
1965-
80 
60.0 37.0 3.0  * 55.4 43.6 18.3 
81.7 
SFH 
1981-
90 
44.4 50.5 *  * 61.0 38.7 13.7 86.3 
SFH 
1991- 
2003 
44.7 51.3 4.0  * 37.0 62.9 * 96.2 
SFH 
post 
2004 
81.2 * *  * * 85.5 * 97.7 
Ter-
raced 
hous
e pre 
1919 
3.7 11.5 84.8  11.2 57.7 31.2 46.3 53.7 
Ter-
raced 
hous
e 
1919-
44 
28.3 28.2 43.5  4.7 54.4 41.0 33.1 66.9 
-28- 
Ter-
raced 
hous
e 
1945-
64 
56.2 32.7 11.1  2.7 50.6 46.7 20.4 79.6 
Ter-
raced 
hous
e 
1965-
80 
49.5 44.8 5.8  1.7 56.9 41.4 13.9 86.1 
Ter-
raced 
hous
e 
1981-
90 
37.2 60.9 *  * 63.6 35.7 16.3 83.7 
Ter-
raced 
hous 
1991- 
2003 
41.5 57.3 *  * 38.4 61.4 4.2 95.8 
 
Ter-
raced 
hous 
1991- 
2003 
41.5 57.3 *  * 38.4 61.4 4.2 95.8 
Ter-
raced 
house 
post 
2004 
82.8 14.6 *  * 12.0 88.0 * 99.0 
MFH 
pre 
1919 
* 8.6 89.5 57.8 8.8 25.3 8.1 58.6 41.4 
MFH 
1919-
44 
9.4 22.3 68.2 54.0 * 26.9 11.3 38.4 61.6 
MFH 
1945-
64 
36.9 38.1 25.0 57.2 6.6 23.1 13.1 19.1 80.9 
MFH 
1965-
80 
35.1 56.3 8.7 59.6 * 26.0 12.3 16.0 84.0 
MFH 
1981-
90 
33.3 63.3 * 59.2 * 24.7 16.0 17.4 82.6 
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MFH 
1991-
2003 
35.4 61.3 * 64.5 * 15.8 19.7 8.8 91.2 
MFH 
post 
2004 
84.2 12.9 * 69.8 * * 24.6 * 96.8 
Apar
tmen
t pre 
1919 
* * * * * * * * * 
Apar
tmen
t 
1919-
44 
* * * * * * * * * 
Apar
tmen
t 
1945-
64 
* 33.5 53.1 86.0 * * * * 78.1 
 
Apar
tmen
t 
1965-
80 
* 34.3 55.9 88.0 * * * 20.8 79.2 
Apar
tmen
t 
1981-
90 
* * * * * * * * * 
Apar
tmen
t 
1991- 
2003 
* * * * * * * * * 
Apar
tmen
t post 
2004 
64.6 * * 84.5 * * * * 97.9 
All 
dwell
ings 
35.7 33.3 31.0 12.1 4.2 47.0 36.7 26.5 73.5 
 
Source: English House Survey (2009). 
 
Great Britain has recorded building stock before 1919. For single family houses af-
ter 1965, external insulation was established for good, as almost the half population 
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used to apply it in their dwellings. Unfortunately lots of data are missing or the sample 
size for * type of dwellings from the raw survey data is too small for a reliable estimate.  
 
Hungary. 
Table 21: Frequency of building types in Hungary 
 
 
SFH  
below 
80 m2  
(1-3 flats) 
SFH  
above 
80 m2  
(1-3 flats) 
MFH  
4-9 
flats 
MFH  
10... Flats,  
traditional 
MFH  
10... Flats,  
industrialized  
technology, 
"panel" 
MFH  
10... Flats,  
industrialized  
technology, 
other 
-1944 400537 269,508 
43,981 
10819 
  
1945-60 
449,213 672,128 
16,825 
1961-79 11,502 
10,575 
1980-89 378,942 9,635 
1990-
2001 
198,938 
  
after 
2001 
157,885 6,285 3,770 
Total 2,527,151 50,266 31,414 21,137 10,575 
2,640,543 
 
Source: Hungarian Statistic Office, 2012, based on the census 2001 and questionnaires for the period after 2001. 
 
For Hungary there is no insulation data recorded to figure the variety of insulated 
buildings.  
 
 
 
 
Ireland. 
Table 22: Frequency of building types of national building stock 
   
All  
Detached 
house 
Semi- 
detached 
Ter-
raced 
Flat or 
apart-
Flat or 
apartment 
Bed- 
sit 
Not  
stated 
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house-
holds 
house house ment  
in a  
purpose-
built  
block 
in a  
converted 
house  
or com-
mercial 
building 
Bed-sit 
Before 
1919 
149,939 80,020 16,176 37,923 2,975 9,977 1,818 1,050 
1919 to 
1945 
114,817 49,308 25,586 33,120 2,503 2,947 652 701 
1946 to 
1960 
127,691 42,961 39,045 39,047 3,573 1,735 569 761 
1961 to 
1970 
114,510 42,235 42,258 23,621 4,307 1,131 331 627 
1971 to 
1980 
214,197 98,913 70,422 37,081 5,292 1,161 241 1,087 
1981 to 
1990 
172,413 87,782 48,914 24,626 8,754 1,080 257 1,000 
1991 to 
2000 
238,724 111,618 79,107 19,021 25,626 1,962 293 1,097 
2001 to 
2005 
266,110 103,994 77,125 33,883 47,196 2,081 260 1,571 
2006 or 
later 
171,397 69,646 39,852 21,032 37,763 1,588 210 1,306 
Not stated 79,610 13,392 18,166 12,471 11,932 4,004 1,064 
18,58
1 
Total 1,649,408 699,869 456,651 281,825 149,921 27,666 5,695 
27,78
1 
 
Source: Census 2011, Table CD432. 
 
 
 
 
Table 23: Thermally refurbished areas 
Wall Measures  
Summary 
Wall Measures  
(Warmer 
Wall Measures  
(Better Energy 
Total Wall 
Measures 
Wall Measures 
as %  
of Housing 
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Homes Scheme) Homes) Stock 
2007 1,229  1,229 0.08% 
2008 1,236  1,236 0.08% 
2009 4,372 12,628 17,000 1.06% 
2010 10,620 35,209 45,829 2.86% 
2011 11,517 39,168 50,685 3.17% 
2012 7,990 20,096 28,086 1.76% 
Total 36,964 107,101 144,065 9.00% 
 
Source: Sustainable Energy Authority of Ireland (SEAI), Department of Community Energy & Local Government 
(DCELG). 
 
Between 2007 and 2012 the buildings underwent wall insulation measures were 
144,065 in total. Specifically, this number comprised 9% of the whole building stock. 
This depicts a very low number from the total building stock.  
 
Italy. 
Table 24: Frequency of buildings of the national building stock (middle climatic regions) 
MIDDLE CLIMATIC REGIONS 
Construction age 
SFH 
1 apartment 
MFH 
≥ 2 apartments 
number of 
buildings 
number of apart-
ments 
number of 
buildings 
number of 
apartments 
Before 1919 546,667 546,667 364,782 1,252,383 
1919 - 1945 330,754 330,754 232,776 885,486 
1946 - 1960 372,840 372,840 345,000 1,506,876 
1961 - 1970 415,190 415,190 486,783 2,331,452 
1971 - 1980 399,082 399,082 459,929 2,099,946 
1981 - 1990 242,287 242,287 265,212 1,239,523 
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1991 - 2000 175,838 175,838 189,973 919,465 
2001 - 2005 102,964 102,964 118,095 648,027 
After 2005 87,824 87,824 97,659 560,992 
TOTAL 2,673,446 2,673,446 2,560,209 11,444,150 
 
Source: National Institute of Statistics, ISTAT, Census (2011) 
 
There are also the Piedmont region, the Alpine region and the Mediterranean region 
in the country, where the total number of buildings of single family units is 7,097,316 
and of multi-family units 6,033,072. The middle climatic region is taken as a preferable 
example.  
 
Table 25: Percentage of thermally refurbished areas 
MIDDLE CLIMATIC REGIONS 
Construction 
age 
Refurbishment on tech-
nical systems 
Refurbishment on structural 
elements 
Refurbishment on 
no-structural ele-
ments 
Before 1919 47.2 % 15.3 % 37.5 % 
1919 - 1945 49.1 % 12.4 % 38.5 % 
1946 - 1961 52.0 % 8.8 % 39.2 % 
1962 - 1971 53.1 % 7.6 % 39.3 % 
1972 - 1981 54.8 % 7.0 % 38.2 % 
1982 - 1991 54.3 % 7.8 % 37.9 % 
After 1991 42.2 % 18.5 % 39.3 % 
On the whole 51.5 % 9.9 % 38.6 % 
    
Source: National Institute of Statistics, ISTAT, Census (2001). 
 
Italy made refurbishment changes mainly in its technical systems. Then some kind 
of refurbishment on non-structural elements followed and the last part to be refurbished 
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was the envelope of the dwellings. Although the technical systems for heating or cool-
ing were new and efficient, the consumption was still observed to be high as the enve-
lope refurbishment was inadequate. In order to minimize energy consumption, the gold-
en rule is to begin with retrofitting of the envelope surfaces and then to replace the me-
chanical systems, which are more efficient.   
 
The Netherlands. 
Table 26: Frequency of building types of the national building stock 
Number of 
dwellings 
(x 1000) 
on 1-1-
2012 
De- 
tache
d 
house 
Semi- 
de-
tache
d 
house 
Ter-
raced 
house, 
mid-
row 
Ter-
raced 
house, 
end-
row 
Flat 
with 
common 
staircase 
and gal-
leries 
Flat with 
common 
staircase, 
no 
galleries* 
Mai-
son- 
nette* 
Other 
multi- 
34amily 
dwelling* 
Total 
Before 
1946 
441 285 
337 186 
69 
256 
226 99 2644 
1946 to 
1964 
296 182 267 
1965 to 
1974 
119 142 375 231 174 112 22 125 1300 
1975 to 
1991 
221 224 572 307 109 142 94 125 1794 
1992 to 
2005 
178 173 241 112 113 70 40 136 1063 
2006 to 
2011 
78 76 106 48 49 31 17 60 465 
Total 1037 900 1927 1066 514 878 399 545 7266 
 
Source: AgentschapNL, Voorbeeldwoningen 2011; bestaande bouw. 
 
Table 27: Percentage of thermally refurbished envelope areas  
Percentage of dwellings in 2012 Total 
ground floor 56 % 
Wall 70 % 
Roof 79 % 
Glazing 86 % 
 
  -35- 
Source: Housing Survey 2012, Energy module / Cijfers over Wonen en Bouwen 2013, p. 136. 
 
According to Table 27, energy retrofitting measures were applied before 2012. Most 
of the refurbishments were on glazing. Then, roof and walls were insulated. Unfortu-
nately, the data was extracted from the Housing Survey in 2012 so there is no evidence 
about the thermal insulation levels for the previous years. 
 
Norway. 
Table 28: Frequency of buildings of the national building stock  
 
Number of buildings (#)          Number of dwellings (#)         Utility floor space (1000m²) 
Age 
classes 
SFH TH AB Total SFH TH AB Total SFH TH AB Total 
1955 
and 
before 
371, 
183 
69, 
020 
26,955 
467, 
158 
401, 
482 
143, 
241 
179, 
666 
724, 
389 
62, 
677 
14, 
765 
11, 
816 
89, 
258 
1956 - 
1970 
209, 
324 
56, 
769 
7,419 
273, 
512 
227, 
929 
81, 
577 
121, 
358 
430, 
864 
37, 
288 
9, 
656 
7, 
614 
54, 
557 
1971 - 
1980 
194, 
861 
49, 
848 
4,546 
249, 
255 
219, 
673 
72, 
521 
91, 
387 
383, 
581 
37, 
204 
8, 
523 
6, 
565 
52, 
292 
1981 - 
1990 
178, 
291 
44, 
391 
5,296 
227, 
978 
202, 
228 
70, 
619 
57, 
471 
330, 
318 
38, 
202 
8, 
014 
4, 
300 
50, 
516 
1991 - 
2000 
91, 
914 
30, 
924 
6,319 
129, 
157 
109, 
696 
55, 
632 
65, 
056 
230, 
384 
17, 
912 
5, 
586 
4, 
437 
27 
935 
2001 - 
2010 
83, 
819 
40, 
468 
10,450 
134, 
737 
98, 
808 
67, 
624 
126, 
975 
293, 
407 
16, 
525 
6, 
977 
9, 
006 
32, 
508 
2011 
and 
after 
16, 
695 
9, 
623 
2,280 28,598 
19,14
4 
13,9
29 
23,1
94 
56,267 3,433 
1,57
0 
1,86
6 
6 ,869 
SUM 
1,14
6, 
087 
301, 
043 
63,265 
1,510, 
395 
1,278, 
960 
505, 
143 
665, 
107 
2, 
449,21
0 
213, 
241 
55, 
091 
45, 
604 
313, 
936 
 
Source: Statistics Norway: Table: 06266: Dwellings, by type of building and year of construction (M) .  
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 For Norway, there is no data for thermally refurbished envelope measures. Table 28 
depicts the number of units built per each period. In total, the majority of the building 
stock is single family buildings.  
 
Poland. 
Table 29: Frequency of building types of the national building stock 
  construction  
period 
number of  
buildings 
number of  
apartments 
living space  
(1000 m²) 
SFH 
up to 1944 865,913 865,913 69,424,228 
1945-1970 1,168,340 1,168,340 95,621,198 
1971-2002 1,831,142 1,831,142 218,138,583 
2002-2010 496,269 496,269 59,552,280 
TH 
up to 1944 156,206 312,412 20,486,590 
1945-1970 114,,042 228,084 14,889,989 
1971-2002 108,890 217,780 16,676,935 
2002-2010 4,487 308,974 27,807,660 
*MFH1 
up to 1944 176,859 867,558 46,506,695 
1945-1970 42,166 200,347 10,343,469 
1971-2002 32,310 160,784 9,487,010 
2002-2010 33,370 286,507 21,488,025 
**MFH2 
up to 1944 42,444 700,719 35,462,223 
1945-1970 42,994 1,574,491 67,325,934 
1971-2002 85,965 3,585,142 185,664,884 
2002-2010 13,931 617,800 43,246,000 
Total 5,215,328 13,422,262 942,121,703 
 
*MFH1 Small multi-family house with 3-9 apartments 
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**MFH2 
Large multi-family house with over 9 apart-
ments 
 
Table 30: Percentage of thermally refurbished envelope areas 
construction period percent of thermo-modernized buildings 
up to 1945 7% 
1946-1966 52% 
1967-1985 60% 
1986-1992 41% 
1993-2002 30% 
2002-2008 new buildings fulfilled as obligatory energy efficient standards 
after 2008 new buildings fulfilled as obligatory energy efficient standards 
 
In Poland, thermal insulation in buildings was not obligatory till 2002. It first be-
came obligatory after 1946 and then thermal insulation measures were applied to more 
than 52% of the building stock.  
 
Serbia. 
Table 31: Frequency of the buildings of national building stock 
construction SFH TH MFH AB sum 
year class number of buildings (1000)  
before 1919 118.0 17.4 0.6 0.04 136 
1919-1945 194.5 10.9 3.1 0.17 209 
1946-1960 286.3 12.0 3.4 1.21 303 
1961-1970 376.1 23.3 7.3 2.36 409 
1971-1980 454.9 20.6 10.0 4.75 490 
1981-1990 387.0 19.8 9.9 4.34 421 
1991-2011 252.9 12.6 10.0 2.97 278 
-38- 
sum 2.070 117 44 16 2.246 
 
Source: Analysis carried out by Faculty of Architecture - University of Belgrade for the TABULA project, a data base 
of a   representative survey of Serbian residential building stock (Survey by Ipsos 2012 and 2011), pondered in rele-
vance to the official statistical data from Statistical Office of the Republic of Serbia. Main results published in Na-
tional Typology of Residential Buildings in Serbia, 2013. 
 
Table 32: Insulation level and window types 
insulation in exte-
rior walls (%) 
<1945 1946-1970 1971-1980 1981-1990 1991-2011 total 
yes 5 12 15 26 43 16.3 
no 95 88 84 74 56 83.2 
unknown 
 
1 1 0 1 0.5 
       
insulation thick-
ness (%) 
<1945 1946-1970 1971-1980 1981-1990 1991-2011  
<5cm 20 29 6 12 13 16.1 
5cm 63 58 60 40 48 48 
6-10cm 18 10 26 43 24 24 
unknown 
 
4 7 5 16 7.8 
 
average wall insulation thickness 5cm 
 
Source: Survey carried out by Ipsos Strategic Marketing in cooperation with Faculty of Architecture - University of 
Belgrade for the TABULA project, a data base of a representative survey of Serbian residential building stock 
(2011), pondered in relevance to the official statistical data from Statistical Office of the Republic of Serbia. Results 
published in form of internal report, 2011. 
After 1991 almost half of the population started to apply some kind of insula-
tion in their dwellings. Before that, the number of buildings having insulation was 
very low. In the period from 1991 to 2011, 48% of the building stock had adequate 
thermal insulation.  
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Sweden. 
Table 33: Frequency of the building types of national building stock 
 
 
construction 
period 
number of  
buildings 
  
 1000 
Single family house SFH.01 … 1960 846 
Single family house SFH.02 1961-1975 500 
Single family house SFH.03 1976-1985 313 
Single family house SFH.04 1986-1995 154 
Single family house SFH.05 1996-2005 77 
Multi family house MFH.01 … 1960 77 
Multi family house MFH.02 1961-1975 32 
Multi family house MFH.03 1976-1985 12 
Multi family house MFH.04 1986-1995 31 
Multi family house MFH.05 1996-2005 12 
 
Source: BETSI, Boverket (2010). 
 
Table 34: Percentage of thermally refurbished envelope areas during 1998- 2008 and year of 
completion, 1000s 
 SFH SFH SFH SFH SFH SFH SFH 
 …1940 1941-
1960 
1961-
1970 
1971-
1980 
1981-1990 1991-2000 2001- 
Insulation 
walls/roof 
23.0 21.0 11.0 6.0 2.0 1.0 1.0 
insulating 
glass, at least 
50% 
18.0 25.0 18.0 15.0 1.0 1.0  
 
Source: BETSI, Boverket (2010.) 
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From Table 34 it can be seen that insulation methods in walls, in roofs and in glaz-
ing existed before 1940. The majority of the buildings applied thermal insulation tech-
niques before 1970. This relies on the serious cold climatic conditions in Sweden which 
made thermal insulation necessary. 
 
Slovenia. 
Table 35: Frequency of building types of the national building stock 
Building type (condensed) 
number of 
buildings 
number of 
apartments 
living space 
in 1000 m2 
 
SUH.01 153,579 165,180 14,689 
Single Unit Houses 
SUH.02 102,546 111,813 10,103 
SUH.03 90,189 96,958 9,718 
SUH.04 122,862 128,048 12,981 
SUH.05 23,961 24,668 2,844 
SUH.06 146 158 14 
MUH.01 11,623 104,214 5,830 
Multi Unit Houses 
MUH.02 6,027 74,676 3,514 
MUH.03 3,165 66,905 3,216 
MUH.04 3,074 57,282 2,909 
MUH.05 1,408 21,630 1,274 
MUH.06 18 1,161 71 
Building Stock total 518,598 852,693 67,164  
 
 Source: Registry of buildings (2009). 
 
Table 36: Percentage of thermally refurbished envelope areas 
Building classes Walls roofs 
upper floor ceil-
ings 
basement/ 
cellar ceil-
ing 
Windows 
Single Unit Houses      
SUH.01 38% 74% 38% no data 84% 
SUH.02 45% 74% 48% no data 74% 
SUH.03 38% 58% 49% no data 46% 
SUH.04 35% 34% 31% no data 31% 
SUH.05 20% 7% 9% no data 0% 
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SUH.06 0% 0% 0% no data 0% 
Multi-Unit Houses      
MUH.01 14% 55% 17% no data 77% 
MUH.02 16% 56% 21% no data 52% 
MUH.03 14% 38% 20% no data 49% 
MUH.04 26% 34% 18% no data 27% 
MUH.05 17% 0% 0% no data 0% 
MUH.06 0% 0% 0% no data 0% 
 
 Source: REUS survey\ (2011). 
 
According to Table 36, only a small percentage of single unit houses have applied 
thermal insulation in walls. They insisted on roof and windows insulation much more 
than in external walls. Multi-unit houses also had a stronger preference to insulate roofs 
and windows in comparison to the low percentages that insulated the walls[19].  
 
2.3 Climatic conditions of European countries and 
climatic zones classification 
Europe has many countries in its territory and each one has its own climatic characteris-
tics. In this part, a reference to the main climatic aspects of each country will be made. 
In some of the European countries, cold and wet weather conditions prevail. In others, a 
hot or dry climate is the main characterization factor. For this reason, there will be a 
classification into climatic zones, taking into consideration the common climate charac-
teristics they have. 
Albania: Its climate is mild, temperate, cool and cloudy with wet winters and dry sum-
mers. 
Austria: This country has a temperate climate. It is characterized by cold winters with 
rain in the lowlands and snow in the mountains. Its summers are cool. 
Belarus: Its climate is between continental and maritime. It mainly has cold winters and 
cool- humid summers.  
Belgium: Its climate is temperate with mild winters and cool summers. In addition it is 
humid, rainy and cloudy. 
-42- 
Bosnia- Herzegovina: This country has cold and severe winters and hot summers. Along 
the coast it has a rainy climate.   
Bulgaria: The country has a temperate climate. Its winters are damp and cold and its 
summers are hot and dry.   
Croatia: Croatia has a Mediterranean and continental climate. The summer is hot and 
the winter is cold. Along the coast there are dry summers and mild winters.  
Czech Republic: It has a temperate climate with cool summers and cold and humid win-
ters.  
Denmark: Its climate is temperate and humid. It is characterized by mild and windy 
winters and cool summers. 
Estonia: Estonia has a maritime and wet climate in general. Winters are moderate and 
summers are cool.  
Faroe Islands: They have mild winters and cool summers with frequent clouds and fog. 
Finland: Its climate is cold and temperate and subarctic. It’s almost mild because of the 
North Atlantic Current, the Baltic Sea and more than 60,000 lakes.  
France: France has cool winters and mild summers. Around the Mediterranean, the 
winters are mild and summers are hot.  
Georgia: This country has a warm climate. On the black coast climate is Mediterranean.  
Germany: Its climate is temperate and marine. Winters are cold and wet and summers 
are wet too.  
Gibraltar: It has a Mediterranean climate with mild winters and hot summers. 
Greece: Greece has a temperate climate with mild and wet winters. Summers are hot 
and dry.  
Hungary: It has a temperate climate. Winters are cold and humid and summers are 
warm.  
Iceland: Iceland has a temperate and moderate climate. Winters are windy and mild and 
summers are cool.  
Ireland: Ireland has a temperate and maritime climate. Winters are mild and summers 
are cools and humid.  
Italy: Italy has a mainly Mediterranean climate. The South region is dry and the North 
is cold. 
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Latvia: Latvia has a maritime climate and wet and moderate winters. 
Liechtenstein: Its climate is continental with cold and rainy winters and snow. Summers 
on the other hand are cool to warm and humid. 
Lithuania: Its climate is not constant. It is between a maritime and continental climate. 
Winter and summer are wet and moderate in general.  
Luxemburg: It has modified a continental climate with mild winters and cool summers. 
The Former Yugoslav Republic of Macedonia: It has warm and dry summers and cold 
and heavy snowfall winters. 
Isle of Man: The Isle of Man has temperate climatic conditions. It also has cool sum-
mers and mild winters with frequent overcast.  
Moldova: It has moderate winters with warm summers.  
Netherlands: The Netherlands has a temperate climate with cool summers and mild 
winters. 
Norway: It has a temperate climate along the coast. It also has increased precipitation 
and cold summers and rain the whole year.  
Poland: It is characterized by severe winters with frequent rainfalls. Summers are mild 
with rain and thundershowers.  
Portugal: Its climate is temperate. To be more precise, there is cold and rain in the 
Northern regions and hot and dry in the Southern.  
Romania: This country has temperate and cold winters, with snow and fog. Its summers 
are sunny with frequent thunderstorms. 
Russia: Russia has a humid and continental climate in the region of European Russia. It 
has a subarctic climate in Siberia, to a tundra climate in the polar north. Winters are 
cool near Black Sea and cold in Siberia. Summers are hot in the steppes and cool along 
the Arctic coast.  
Serbia and Montenegro: In the Northern areas the climate is continental and in the 
Southern it is Mediterranean. Along the coast the climate is Adriatic with hot and dry 
summers. Winters are cold with heavy snowfall.  
Slovakia:  Slovakia has a temperate climate. Summers are cool and winters are humid 
and cold. 
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Slovenia: It has a half Mediterranean and half continental climate with hot summers and 
cold winters. 
Spain: Spain has temperate and hot summers with cold winters in the interior. Along the 
coast the climate is moderate and humid with cool and cloudy winters.  
Sweden: It has a temperate climate with cold in the South and subarctic in the North.  
Switzerland: Its climate is temperate but altitude affects it. Winters are mainly cold, 
cloudy and snowy and summers are cool to warm and humid.  
Ukraine: Ukraine has a temperate and continental climate. In the Southern Crimean 
coast climate is Mediterranean. Winters are cool in the Black Sea and cold in inland. 
Summers are generally hot, especially in the South.  
United Kingdom: Its climate is temperate with southwest winds. The majority of the 
days are cloudy[20].  
A climatic zone is called a region on Earth in which climatic variables have com-
mon characteristics. In this way, there is a classification of Europe into uniform groups 
having a small variation in their climatic variables within each zone. For this division, a 
number of variables is taken into consideration, example such as: temperature, degree 
and altitude[21]. There is a variety of methods accepted for the classification into cli-
matic zones. In this dissertation, the Köppen-Geiger system will be presented, which is 
actually the most widely known and is used as a climate classification method. Accord-
ing to this method of climate classification, Köppen divided Europe into four main cli-
matic zones. 
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Picture 1: Köppen - Geiger climatic zones 
 
Source: PVsites. D2.2 European climate zones and bio-climatic design requirements; T2.1 Specifications for BIPV 
Modules. Building-integrated photovoltaic technologies and systems for large-scale market deployment (2016) 
 
Where:  
 
Picture 2: Colors –explanations 
Source: PVsites. D2.2 European climate zones and bio-climatic design requirements; T2.1 Specifications for BIPV 
Modules. Building-integrated photovoltaic technologies and systems for large-scale market deployment (2016) 
 
Some countries have more than one climatic zone but in this way there is more pre-
ciseness by giving more details for the climatic conditions in a smaller region divi-
sion[22]. 
To describe European climate more effectively, a reference to the Heating Degree 
Days (HDD) and Cooling Degree Days (CDD) should be made. In the pictures below, 
the trend in heating and cooling degree days in Europe is presented. The data is for the 
period from 1981 to 2014.  
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Picture 3: Heating Degree Days trend in Europe (1981-2014) 
 
Source: European Environment Agency, Indicators Assessment, Heating and cooling degree days, Fig.2. (2016) 
 
 
Picture 4: Cooling Degree Days trend in Europe (1981-2014) 
Source: European Environment Agency, Indicators Assessment, Heating and cooling degree days, Fig.2. (2016) 
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Picture 5: Trend in heating and cooling degree days in Europe in the period 1981-2014 
Source: European Environment Agency, Indicators Assessment, Heating and cooling degree days, Fig.2. (2016) 
 
According to the trend above, as the regions are closer to the equator, the HDD in-
crease in comparison with Northern Europe because this region has severe winters and 
demands more heat in order to reach the optional temperature where the body feels 
comfort. Talking about CDD, as we get closer to the equator, CDD also increase, be-
cause these climates need extra cooling to reach a thermal comfort temperature around 
18˚C.  
2.4 Energy poverty European policies 
Governments across Europe adopted the idea of ensuring adequate energy supply for all 
consumers. Energy affordability has entered the political agenda for good, since in the 
past years electricity prices reached or surpassed the 0.10 €/ kWh across European re-
gion. Most of the attention was given, after a remarkable observation was made; that 
energy poverty is involved not only with the low income strata but also with the middle.  
To begin with, through the European Fuel Poverty and Energy Efficiency Project, 
the European Commission funded the “Intelligent Energy for Europe” program (2006-
2009), which insisted on the inability of people to heat their homes. The program rec-
ommends a common definition, a legislative framework, a frequent diagnosis, and a 
special fuel poverty group.  The Third Energy Package followed, which contains within 
its two Directives (2009/72 and 2009/73), not only a variety of other energy topics, but 
also the protection of vulnerable customers through: 
• Special prices for poor groups 
• Fuel allowances 
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• Grants for improving house energy efficiency 
The Council of European Energy Regulators (CEER), protects the consumers in remote 
areas and suppliers of last resorts and has adopted social tariffs prohibition measures. 
Furthermore, the Directive 2010/31/EU has references only to “vulnerable customers” 
in its actions, without specific measures given. Also, the IEA adopted an energy pro-
gram for tackling fuel poverty but it mostly takes into consideration measures on cli-
mate change and environmental aspects, not energy poverty actions.  
The first specific and significant policy was made by the European Economic and 
Social Committee (EESC), which led to the establishment of the European Energy Pov-
erty Monitoring Center. The European Parliament called for the Member States to pre-
scribe a list of measures helping customers reduce energy consumption. In the Directive 
2009/72/EC, in Article 29 it is recommended for the countries give a report every two 
years about their national energy poverty situation. In addition, in the Energy Efficiency 
Directive, in Article 21 (Governance of Energy Union Regulation), it is said that coun-
tries should provide information about their measures and the recorded number of 
homes suffering from energy poverty[23]. Last but not least, a number of action plans 
and platforms were developed such as the “EU Fuel Poverty Network”, “Assist” and 
“Reach”(being described in the introduction), which reinforced the strategy against en-
ergy poverty.  
Despite the efforts made by the European society against energy poverty, it was im-
possible to tackle with problem because, in general, a top down approach in policy mak-
ing was followed. Europe used to provide fuel financial aid and energy policy pricing 
for temporary relief, rather than provide the motives to reduce each household’s energy 
consumption through energy efficiency building’s retrofits. Direct subsidizing is just a 
short term help but the problem still lacks the essential confrontation. A solution that 
ensures an improvement of living conditions in households should be found. Most of 
the current policies tend to push more people towards the hard reality of energy poverty, 
to disregard the rational usage of energy and as a repercussion burden the environment. 
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3 Case Study: Greece 
In this part, a case study for Greece will be presented and a sensitivity analysis using the 
collected data is going to be conducted to discuss energy poverty in this country exten-
sively. Energy poverty is an ascendant problem in this territory especially after the ap-
pearance of the deep financial crisis and its unbearable burdens. The debt and insolven-
cy of the situation further increased the number of people suffering from energy poverty 
and suboptimal conditions in their dwellings, due to the combination of a low income 
condition, the cold climate in some areas of the country and the energy buildings per-
formance.  
3.1 Greece’s state of the art – Economy 
Talking about economics, Greece still faces a recession period from 2010. These eight 
years have been characterized by cohesion of austerity measures and financial debt. Ac-
cording to the European Commission’s economic forecast for Greece[24],  Greece had a 
strong start in the first months in 2018. More specifically, GDP growth reached 0.8% 
leading to a growth rate of 2.3%. This growth was the outcome of both increased ex-
ports and decreased imports to the country. Even though investment activity was ob-
served insufficient till now, in the following months, it is expected to rise due to im-
proved business activity and high foreign investment interest. Labor seems to be 
touched up as unemployment has fallen to 20.1%, in comparison with the previous 
years. Consumer inflation was observed at 0.8%. As discussed previously, energy pov-
erty is directly linked to the poor living condition as well as being interdependent. As 
ELSTAT [25] states under its survey, the number of households under the risk of pov-
erty is 3,701,800, from the whole population of the country, which means that 34.8% 
people are in hazard of poverty. The graph below depicts the percentage of population 
under the risk of poverty or social exclusion in due time. 
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Picture 6: Percentage of population under the risk of poverty or social exclusion: 2005, 2008-
2017 
Source: ELSTAT- Hellenic Statistical Authority, Hellenic Republic. Press Release: 2017 Survey on income and living 
conditions: Risk of poverty (2018) 
 
As a repercussion, low income condition plays an important role in energy poverty in 
Greece.  
3.2 Greece’s state of the art- Climate 
Greece’s climate is in general Mediterranean but for reasons of precision, the country is 
divided into the following four climatic zones, according to heating degree days[26].   
 
 
Picture 7: Climatic zones in Greece 
Source:  Technical Chamber of Greece, 2010. Climatic data of Greek regions. 2nd edition 
 
Percentage of Population in energy poverty risk or social exclusion 
Climatic zone A 
Climatic zone B 
Climatic zone C 
Climatic zone D 
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Climatic zones C' and D' contain the North and highland regions of the country, 
where the winters are more intense and colder than the A' and B' zone. 
3.3 Greece’s state of the art- Building stock 
In Greece, 73% of the total population lives in urban areas especially in Athens and in 
Thessaloniki which are the two largest Prefectures. Athens population density is esti-
mated to be more than 19,133.41 people/ km, when Thessaloniki’s density is about 
20,429.20 people/ km. To consider these numbers on a large scale, a characteristic ex-
ample is Berlin city which had 3793.3, inner London 8902, Stockholm 280.9 and Zurich 
733.5 persons/ km in 2011. So it is clearly obvious that Greece is quite a dense country 
when talking about inhabitants per km, compared to Berlin, London and other European 
countries with a larger country population. Greek urban architecture is characterized by 
the so called “Poly-katoikia” (where in Greek: “polys” means many and “katoikia” 
means dwelling). This kind of typology covers the majority of urban regions in the 
country, in the city centers, in the suburbs and it is probable to exist in the near future as 
well[27]. The majority of buildings (704,340 buildings) in Greece was constructed be-
tween 1971 and 1980. The next biggest constructing period 1961-1970, contains 
639,475 buildings and finally, 573,250 buildings were built during 1946-1960. In the 
following table, the constructing activity due time period and number of buildings are 
depicted[28].  
 
Table 37: Frequency of building types of Greece 
CLIMATIC 
ZONE A 
SFH MFH 
# bldgs. 
Floor area in 
1000 m2 
# bldgs 
Floor area in 
1000 m2 
National   National 
pre-1980 256,126 24,010.738  14,815 2,987.390 
1980 – 2000 101,543 16,535.476  10,851 6,309.271 
2001 - 2010 82,250 13,022.744  16,007 8,932.135 
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* 2011 - 129 18.902  33 18.444 
TOTAL 440,048 53,587.860  41,706 18,247.240 
CLIMATIC 
ZONE B 
SFH MFH 
# bldgs. 
Floor area in 1000 
m² 
# bldgs 
Floor area in 
1000 m² 
National   National 
pre-1980 589,178 59,222.241  134,423 52,591.634 
1980 – 2000 187,005 30,665.932  51,239 38,614.093 
2001 – 2010 108,160 18,443.480  67,400 51,126.938 
* 2011 - 179 33.400  168 113.017 
TOTAL 884,522 108,365.053  253,230 142,445.682 
CLIMAT-
IC ZONE 
C 
SFH MFH 
# bldgs 
Floor area in 1000 m² # 
bldgs. 
Floor area in 1000 m² 
National   National 
pre-1980 471,650 45,250.489  42,918 18,500.091 
1980 – 
2000 
141,938 23,051.218  27,375 19,554.006 
2001 - 2010 95,506 16,012.634  37,610 26,973.806 
* 2011 - 142 19.592  59 32.458 
TOTAL 709,236 84,333.933  107,962 65,060.361 
      
CLIMAT-
IC ZONE 
D 
SFH MFH 
# 
bldgs 
Floor area in 1000 m² # 
bldgs 
Floor area in 1000 m² 
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 National   National (*) 
pre-1980 
54,68
8 
5,193.004  2,511 527.809 
1980 – 
2000 
20,23
7 
3,184.299  1,978 1,248.487 
2001 - 2010 
15,36
5 
2,435.837  2,686 1,667.568 
* 2011 - 4 0.395  3 1.381 
TOTAL 
90,29
4 
10,813.535  7,178 3,445.245 
 
Source a: Hellenic Statistical Authority (HSA), Census 2001. 
Source b: Hellenic Statistical Authority (HSA), Building Construction Activity (2001-2010). 
*Source: EPC database (status: 13/11/2013, analysis NOA). Data refer to whole buildings with building permit is-
sued after 2010 (reporting period: 2011-2013) and an EPC issued for reasons of rent, sale or major renovation. 
 
Table 38: Percentage of buildings with non-insulated walls 
Building 
classes 
Climatic zone A Climatic zone B Climatic zone C Climatic zone D Total 
SFH 
pre-1980 100% 100% 100% 100% 100% 
1980 – 
2000 
10.4% 13.5% 12.4% 11.6% 12.4% 
2000 - .. 0 0 0 0 0 
MFH 
pre-1980 100% 100% 100% 100% 100% 
1980 – 
2000 
10.1% 10.2% 9.9% 9.9% 10.1% 
2000 - .. 0 0 0 0 0 
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Table 39: Percentage of buildings with non-insulated roofs 
Building 
classes 
Climatic zone A Climatic zone B Climatic zone C Climatic zone D Total 
SFH 
pre-1980 69.9% 70.0% 70.0% 69.9% 69.9% 
1980 – 
2000 
0 0 0 0 0 
2000 - .. 0 0 0 0 0 
MFH 
pre-1980 69.9% 69.9% 69.9% 70.0% 70.0% 
1980 – 
2000 
0 0 0 0 0 
2000 - .. 0 0 0 0 0 
 
Table 40: Percentage of buildings with partly insulated walls 
Building 
classes 
Climatic zone A Climatic zone B Climatic zone C Climatic zone D Total 
SFH 
pre-1980 0 0 0 0 0 
1980 – 2000 3.4% 4.5% 4.1% 3.8% 4.1% 
2000 - .. 0 0 0 0 0 
MFH 
pre-1980 0 0 0 0 0 
1980 – 2000 3.3% 3.4% 3.3% 3.3% 3.4% 
2000 - .. 0 0 0 0 0 
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Table 41: Percentage of buildings with partly insulated roofs 
Building 
classes 
Climatic zone A Climatic zone B Climatic zone C Climatic zone D Total 
SFH 
pre-1980 7.0% 6.9% 6.9% 6.9% 7.0% 
1980 – 
2000 
3.5% 4.5% 4.1% 3.8% 4.1% 
2000 - .. 0 0 0 0 0 
MFH 
pre-1980 6.9% 7.0% 6.9% 7.0% 7.0% 
1980 – 
2000 
3.3% 3.4% 3.3% 3.3% 3.4% 
2000 - .. 0 0 0 0 0 
 
Source: D. Lalas, C.A. Balaras, A. Gaglia, E. Georgakopoulou, S. Mirasgentis, I. Serafidis, S. Psomas, Evaluation of 
supporting policies for the advancement of the Ministry’s policies in relation to the abatement of CO2 emissions in 
the residential and tertiary sectors, 650 p. in Hellenic, IERSD, National Observatory of Athens, Ministry for the En-
vironment, Physical Planning and Public Works, Directorate Urban Planning & Housing, November (2002). 
  
 According to Table 38, Climatic zone B is the biggest zone in Greece and contains 
the majority of the buildings. Specifically 884,522 are single family buildings and 
253,230 multi-family ones. It is obvious that before 1980 there was no insulation at all. 
Between 1980 and 2000 when the construction activity was on the rise, only about 
12.4% of single family dwellings had not applied walls insulation techniques and 10.1% 
of multi-family buildings.  
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Picture 8: Constructing building period per region 
Source: ELSTAT, Building census (2011) 
 
3.4 “Eks’ oikonomo” Program 
On the energy front, Greece’s building stock is responsible for 36% of the total energy 
consumption. During 2000-2005, it was recorded that this consumption was increased 
about 24% which was one of the biggest increases of building energy consumption 
throughout Europe. From that, 27% was the electricity consumption and 73% referred 
to space heating and water heating for domestic use in households. The huge amounts of 
energy wasted, led to the provision of the “Eks’oikonomo” program. This program is 
based on the new European Regulation 397/2009.  
3.4.1 “Eks’oikonomo” Funding 
The program is being co-financed by the European Regional Development Fund, from 
the National Financial Resources through the Regional Undertaking Programs and Un-
dertaking Programs of Competitiveness and Entrepreneurship, and Environment and 
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Sustainability of ESPA 2007-2013. The Program, addresses buildings with a building 
permit or other legalization documents, located in areas with a land price of less than or 
equal to 2,100 € / m2, used as a home and whose owners met specific income criteria. In 
particular, the Program included three categories of incentives (A1, A2, and B), in 
which the homeowners were categorized due to their income. The three categories were: 
A1 category: Beneficiaries with individual declared income which was not above 
12,000€ or the total family declared income was not above 20,000€. The subsidy in this 
situation was 70% and the rest 30% was a loan. 
A2 category: Beneficiaries with individual declared income which was between 12,000€ 
and 40,000€ or the total family declared income was between 20,000€ and 60,000€. The 
subsidy here was 35% and the rest 65% was the loan. 
A3 category: Beneficiaries with individual declared income which was between 40,000€ 
and 60,000€ or the total family declared income was between 60,000€ and 80,000€. The 
subsidy in this situation was 70% and the rest 30% was a loan. 
The total public expenditure of the program cost 396 € millions. The following table 
depicts the exact amount of money given to each region of the country[29]. 
 
Table 42: Regional Funding for “eks’ oikonomo” program 
Region   “Eks’ oikonomo” Fund(€) Direct Aid Program Total budg-
et 
East Macedonia - 
Thrace 
18,102,197 13,799,216 31,901,413 
Epirus 9,626,608 7,338,316 16,964,92 
Thessaly 21,583,080 16,452,676 38,035,756 
Western Greece 20,113,002 15,332,043 35,445045 
Peloponnese 21,681,808 16,527,935 38,209,743 
North Aegean 9,721,991 7,411,026 17,133,017 
Ionian Islands 6,745,716 5,142,226 11,887,942 
Crete 14,425,598 10,996,562 25,422,160 
Central Macedonia 23,000,000 12,000,000 35,000,000 
Western Macedonia 10,000,000 5,000,000 15,000,000 
Attica 66,000,000 34,000,000 100,000,000 
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South Aegean 4,000,000 2,000,000 6,000,000 
Central Greece 16,000,000 9,000,000 25,000,000 
Total 241,000,000 155,000,000 396,000,000 
 
Source: Ministry of environment, energy and climate change, Implementation program guide: “eks’oikonomisi 
katoikon”,   Athens (2011) 
 
 “Eks’oikonomo” program funding was allocated in each Prefecture under unrealistic 
criteria such as population criteria. This was obviously a mistake, driven by the Ministry 
guidance, as it had not taken into consideration other more fundamental parameters like 
climate or energy demands in each specific area or building type, which are actually 
very important too. Northern Greece has huge amounts of energy needs for heating dur-
ing winter period in comparison to Southern region like Attica, even if Athens city has 
the biggest population. Energy demands are totally different for example in Florina city, 
compared to Patras city demands which have lots of differences on their climatic condi-
tions.  
3.4.2 “Eks’oikonomo” energy refurbishment measures - energy 
households consumption 
The retrofits that are made due to the “Eks’oikonomo” program are provided by the en-
ergy inspector. Inspector at first step should look and assess the building in order to 
choose the best energy efficiency improvements. Moreover, he provides the instant en-
ergy building rating. The decision should be one or more of the following retrofit build-
ing changes according to the limits of the program: 
▪ Windows frame replacement (frames/glass panes) and installation of shading 
systems 
▪ Thermal insulation installation in the building envelope, including chamber, 
ceiling and diploid 
▪ Upgrade of the heating system and domestic hot water system 
After these installations, energy inspector has to assess the building for a second time 
and to provide the new energy building rating. In order to justify the targets of the ener-
gy refurbishment, the chosen building should be upgraded at least one category of the 
previous category and energy saving should be at least 80% of the energy saving goal 
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which was set in the beginning[29]. Of course, refurbishment changes should be care-
fully designed with respect to the existing structure and architecture[27].  
The following table depicts the energy consumption of households before and after 
the retrofits of “eks’oikonomo” program in each Prefecture of the country, as well as the 
number of participants and the average rate of change of each one of them. 
 
Table 43: Total energy consumption before and after the changes of eks’ oikonomo pro-
gram per each Greek Prefecture 
Prefecture Annual energy 
consumption be-
fore the retrofits 
kWh/m2 (average) 
Annual energy con-
sumption after the  
retrofits kWh/m2 
(average) 
Number of 
participants 
(households) 
Average 
rate of 
change (%) 
East Macedonia- 
Thrace 
416 223 3.850 46% 
Attica 265 169 6.309 36% 
North Aegean 325 215 1.474 34% 
West Greece 323 192 2.584 40% 
West Macedonia 506 267 3.207 47% 
Epirus 401 247 3.181 39% 
Thessaly 448 243 7.906 46% 
Ionian 312 178 439 43% 
Central Macedo-
nia 
384 202 10.207 47% 
Crete 270 149 1.468 45% 
South Aegean 306 144 487 53% 
Peloponnese 376 234 1.673 38% 
Central Greece 392 245 2.618 38% 
 Total 381 215 45.403 43% 
 
Source: ETEAN [30] 
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Graph 1: Total energy consumption before and after the changes of eks’ oikonomo program per 
each Greek Prefecture 
It is clear that after the refurbishment, there was a huge decrease in total energy con-
sumption in every Prefecture, respectively. The biggest consumption decrease was 
achieved in South Aegean. The next biggest consumption change took place in West 
Macedonia and afterwards in East Macedonia & Thrace, Central Macedonia and Thes-
saly.  
To explain this further, a correlation between the possible main drivers to it was car-
ried out by a statistical analysis (it will be analyzed in the methodology part). The fol-
lowing three variables: Prefectures, the number of participants and the net household’s 
income had been examined. 
 
Table 44: Correlation between the number of participants to the program, net household’s in-
come and annual energy consumption before and after 
 
 
The results were yield to a correlation between the net household’s income and the 
annual energy consumption before the retrofits of “eks’oikonomo” program, as a nega-
tive correlation is appeared, enhanced with yellow color. As the income decreases, en-
ergy consumption before the refurbishment measures increases, and the opposite. This 
shows that low income households have been consuming more energy than the high in-
come households to cover their household needs. This probably depicts poor energy 
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performances in low income households because of lack in insulation, use of old and 
not efficient devices for heating and cooling and generally, a lack of energy measures 
against thermal losses of the building envelope. 
3.5 Bottom–up and top down approaches 
Since the 70’s, there was a struggle concerning sustainability and energy legislations, 
which brought the need for creating energy assessment models. Bottom-up and Top-
down approaches constitute two models which are made especially for the building sec-
tor. Bottom-up approach focuses on the energy need from an environmental and sus-
tainable point of view in order to create economic plans and solutions. In contrast, Top-
down approach depends on macroeconomic aspects, beginning from the total “budget” 
and then goes to the energy needs and solutions.  
 
Picture 9: Bottom-up and Top-down model  
Source: Kang Z, Jin M,  Spanos C, Modeling of end-use energy profile: An appliance-data-driven stochastic ap-
proach ( 2014) 
  
Due to the case study for Greece, Theodoridou and Papadopoulos [27], proposed a 
methodology which is a combination of binary approaches. Their methodology uses da-
ta from Municipality/city scale level from Hellenic Statistical Authority, about the total 
population and age of buildings, construction materials and usages per Municipality, 
Prefecture and for the whole country. The result is a categorization of the existing build-
ing stock due to their year of construction with a methodology which develops an as-
sessment tool of energy conservation measures in the building stock[27]. 
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3.6 Data origin 
The data used in methodology of this case study were gathered from two Hellenic Pub-
lic Services: “ELSTAT” (Hellenic Statistical Authority) and “ETEAN” (Hellenic Fund 
for Entrepreneurship and Development).   
Hellenic Fund for Entrepreneurship and Development is a huge keystone for social 
development and it has the target to deal with a variety of social needs by supporting 
small and medium size businesses. It also insists on entrepreneurship, innovation and 
employment through a diligent and sustainable way for communities. ETEAN acts as 
the entity which manages the Public Investment Program credits, as well as the funding 
of European Union and other international organizations programs. Moreover, its effect 
is preeminent, as it exploits existing opportunities for the implementation of European 
programs as well as the establishment of incorporating the propulsion of scientific stud-
ies and surveys conduction. Regional Development Fund was established with the target 
of accelerating the payment processes of projects co-financed by the European Union. 
The primary target of Regional Development Fund of Attica, is the management of the 
Public Investment Program (PIB) funds, as well as other financing aids, which are relat-
ed to the regional and special development programs of the Attica region.  
In this study, data from ETEAN were used after a kind request to the entity in order 
to describe the “eks’oikonomo” program. Also they were used to discuss in which way 
funding was given in Greek Prefectures and finally the results coming before and after 
the building retrofitting measures according to its guidelines[30].  
Hellenic Statistical Authority (ELSTAT), is the Public statistical service of the 
country. It is an independent Authority and follows the best European and international 
standards. Its goal is to provide to the Public, accurate and reliable statistics of politics, 
economy and in general the life quality of people. It cooperates with Eurostat and other 
European services for higher accuracy and standards.  
In this case study, ELSTAT was the data resource for conducting a research about 
how energy poverty in Greece is connected to the income level, the climatic zones and 
the building stock criteria.  
Data accumulation happened, after a specific data statistical request to the Authority 
concerning a combination of energy poverty indexes as available income of households, 
climatic zones/ Prefectures, buildings stock (envelope and HVAC) and a variety of dif-
ferent kinds of energy used for heating-cooling and domestic hot water needs. These 
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data are given for the first time, especially for this request, for the reasons of this study 
and they are not available online. The data collected in Piraeus in Athens in 2015 under 
a household budget survey and it was the most recent material to give for this request.  
The data sent by the Authority were 3 files in excel form with all the variables en-
coded and 2 more files in the word form, containing the explanations of these variables. 
The files contain data of the 2015 household budget survey, having embedded not only 
the material requested for this study, but also all the other variables of a household 
budget survey for example food and drinks consumption by households.      
For that reason, a division of data was made, to contain only the relevant material 
for this case study. These have been processed with SPSS program to get detailed and 
reliable results about how income, climatic conditions and energy performance of the 
buildings influence energy consumption in households[31].  
4 Methodology 
The methodology of this case study was conducted using the “SPSS” program version 
25 through which a lot of reliable results arose. More specifically, a descriptive statistics 
analysis was done from a total sample size number of 6150 households, which is a cred-
ible sample. The analysis covers the whole Greek area divided in Prefectures using 
samples of every Prefecture.  
 At first, some descriptive statistic indicators as the sample size, arithmetic mean, 
standard deviation and frequency (absolute and relative) were estimated. For the non-
parametric ones, correlation coefficient, statistical significance and sample size were 
used to get the results. The dataset was examined divided in 5 Prefectures (C' and D' 
climatic zones) but having some general data for the whole Greece. In order to detect 
and quantitatively analyze any possible correlation between the different variables, the 
Spearman's rho correlation coefficient was calculated.  
  Correlation coefficients can have either a negative or a positive correlation and 
ranges between -1 and 1. As it goes very close to -1 or 1, there is a very strong correla-
tion among the variables and as it goes close to 0, there is not a good correlation be-
tween them. The existence of one star* in the results, depicts a high correlation with a 
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level of significance 95% (a=0.05) and the two stars ** indicate a very high level of 
significance of 99% (a=0.01) between the two variables.  
For the whole country, the variables used in this case study are the electricity con-
sumption by fuel type used for heating in each household (such as gas, LPG, coil), the 
type of dwelling (detached, semi- detached etc.), the possession type (proprietary, rent-
ed, etc.) and the buildings construction period in Greece.  
This case study, however, as previously mentioned, examined only the C' and D' 
climatic zones of the country which are the most interesting and remarkable ones, due to 
the extremely cold conditions in winter and the high energy consumption meeting the 
heating needs, compared to the rest Prefectures, as evident in Table 45 below. Some of 
the variables were therefore used for the examined climatic zones which were calculated 
accumulatively (a total for all the 5 Prefectures) (Table 49 and then) and some of them 
for each one of the 5 Prefectures (Table 46, 47, 48). The heating means (oil radiator, 
natural gas radiator etc.), the age of these means and the months and hours/day of opera-
tion, belong to the first group. Next, the age of the domestic hot water systems, the fre-
quency of use of the systems and the hours/day of operation were examined. In addi-
tion, the type of cooling means, the 1st and 2nd unit age, the power (btu/h), the months 
and the hours/day of operation and the available inverter technology in these systems 
were calculated. Finally, the insulation type (roof, walls etc.) of the dwellings, the glaz-
ing type and the window frame type were examined.  
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Table 45: Energy consumption (by fuel type) per each Prefecture of Greece 
 
 
Thus, the examination of this case study contains only the two aforementioned cli-
matic zones of Greece, in which Prefectures of East Macedonia-Thrace, Central Mace-
donia, West Macedonia, Epirus and Thessaly are contained. 
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5 Results 
Table 46: Net income mean, rent mean, lighting and fuels mean, and fuel type mean in house-
holds per each Prefecture. 
 
 
The Table above depicts variables of the net household’s income, the main dwelling 
rent, the lighting and fuels used in general, the electricity consumed and the type of fuel 
used per each one of the 5 examined Prefectures separately. 
 
Table 47: Type of dwelling per each examined Prefecture 
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Table 48: Buildings construction period per each examined Prefecture 
 
 
5.1 Heating systems 
 
Table 49: Heating means per each Prefecture 
 
 
Table 50: Age of oil boiler  
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Table 51: Oil boiler-months of operation 
 
 
Table 52: Oil boiler- hours/day of operation 
 
 
Table 53: Natural gas boiler age 
 
 
Table 54: Natural gas boiler- months of operation  
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Table 55: Natural gas boiler- hours/day of operation 
 
 
Table 56: Heat accumulator age 
 
 
Table 57: Heat accumulator-months of operation 
 
 
Table 58: Heat accumulator- hours of operation 
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Table 59: Air condition unit age 
 
 
Table 60: Air condition unit-months of operation 
 
 
Table 61: Air condition unit- hours/day of operation 
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5.2 Domestic hot water systems in the 5 Prefec-
tures 
Table 62: Oil boiler age (DHW) 
 
 
Table 63: Frequency of use of the oil boiler (DHW) 
 
 
 
Table 64: Hours/day of operation of oil boiler (DHW) 
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Table 65: Electrical water heater age (DHW) 
 
 
Table 66: Frequency in the use of the electric water heater (DHW) 
 
 
Table 67: Hours of operation of electric water heater (DHW) 
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Table 68: Natural gas boiler age (DHW) 
 
 
Table 69: Frequency in the use of the natural gas water heater (DHW) 
 
 
Table 70: Hours/day of operation of natural gas water heater (DHW) 
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Table 71: Speed water heater natural gas age (DHW) 
 
 
Table 72: Frequency in the use of the speed water heater natural gas (DHW) 
 
 
Table 73: Hours/day of operation of speed water heater natural gas (DHW) 
 
 
Table 74: District water heating age (DHW) 
 
 
  -75- 
Table 75: Frequency in the use of district water heating (DHW) 
 
 
Table 76: Hours/day of operation of district water heating (DHW) 
 
 
Table 77: Solar water heater age (DHW) 
 
 
Table 78: Frequency of use of solar water heater (DHW) 
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Table 79: Hours/day of operation of solar water heater (DHW) 
 
 
5.3 Cooling means of the 5 Prefectures 
Table: 80: Cooling systems types 
 
 
Table 81: 1st unit age 
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Table 82: 1st unit power (btu/h) 
 
 
Table 83: Months of operation of 1st unit 
 
 
Table 84: Hours/day of operation of 1st unit 
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Table 85: Inverter technology available for the 1st unit 
 
 
Table 86: 2nd unit age 
 
 
Table 87: 2nd unit power (btu/h) 
 
 
 
 
 
 
 
  -79- 
Table 88: 2nd unit months of operation  
 
 
Table 89: 2nd unit hours/day of operation  
 
 
Table 90: Inverter technology available of the 2nd unit 
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5.4 Existing thermal insulation in the buildings of 
the 5 Prefectures 
Table 91: Presence of thermal insulation in dwellings 
 
 
Table 92: Roof insulation 
 
 
Table 93: External walls insulation 
 
 
Table 94: Existence of some kind of insulation on the building envelope    
 
 
Table 95: Floor insulation 
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Table 96: Internal walls insulation 
 
 
Table 97: Other kind of insulation 
 
 
Table 98: Single glazing insulation 
 
Table 99: Double/triple glazing insulation 
 
 
Table 100: Wood window frames 
 
 
Table 101: Aluminum window frames 
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Table 102: PVC window frames 
 
 
Table 103: Other type of window frame 
 
 
 At this point, the importance of the year of construction and the main dwelling rent  
should be enhanced in order to understand when there was the biggest building con-
struction activity and if the buildings are rented or proprietary. The following 2 tables 
depict these variables, from all the Prefectures of Greece.  
5.5 Building’s construction period, possession 
type in the whole country 
 
Table 104: Buildings construction period for the whole country 
 
 
 From Table 48, it is clear that the majority of the buildings in the country were con-
structed before the year of 1980. This leads to the conclusion that all this building stock 
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was constructed without the existence of thermal insulation, as the building thermal in-
sulation Regulation in Greece was released to the public in 1979 for the first time[32]. 
 
Table 105: Possession type in the Prefectures of Attica, the Aegean and Crete 
 
 
Table 106: Possession type in the Prefecture of Macedonia and Thrace  
 
 
Table 107: Possession type in the Prefecture of Epirus, Thessaly, Ionian and West Greece  
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Table 108: Possession type in the Prefecture of Central Greece and Peloponnese 
 
  
In the Tables above, it is shown that almost 1/6 of the total buildings sample were 
rented. This implies a low or non-existent refurbishment activity of these dwellings, as 
according to the rule of sense, the occupants will not invest their money for a higher en-
ergy performance of the space, because they are just renting the dwelling and it does not 
belongs to them, in the long term, as well as only a few of the owners will think such an 
investment. 
6 Discussion 
The results above will be further analysed in percentages to discuss the findings about 
the type of type of dwellings, the buildings construction period, heating means, domes-
tic hot water systems, cooling systems and thermal insulation.  
6.1  Type of dwellings  
Table 47 shows the type of dwelling per each of the 5 examined Prefectures. The varia-
bles examined are: the detached house, the semi-detached, the apartment in a multi-
family building with less than 10 apartments and the apartment in a multi-family build-
ing with more than 10 apartments.  It is obvious that, the majority of the buildings are 
detached houses for all the examined Prefectures. Next on the line are the apartments in 
a multi-family building with less than 10 apartments for East Macedonia and Thrace, 
Central and West Macedonia. Epirus and Thessaly have almost the same observed 
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number between an apartment in a multi-family building with less than 10 apartments 
and an apartment in a building with more than 10 apartments.  
6.2 Buildings construction period 
Table 48 depicts the constructing activity in these Prefectures from before 1946 till 
2011 and after. The majority of the buildings were built in the period of 1961 to 1980, 
resulting in the existence of a low energy performance building stock, since the energy 
efficiency regulation for thermal insulation in buildings was released in 1979.  
 There was an active building constructing period until 2010, when the financial cri-
sis appeared along with a decreased activity on every level of the country.  
6.3  Heating means 
In this part, the type of heating means, the months and the hours per day of operation 
are analysed, according to respective Tables in the results section. 
6.3.1 Type of the heating means 
From Table 49, it is clear that the majority of these five Prefectures use the oil radiator 
as a heating mean. Natural gas radiators have been observed only in Central Macedonia 
and Thessaly where indeed there is a natural gas supply in the areas but they have lesser 
observations than the oil radiator use. There is also a big number of observations in eve-
ry Prefecture that use a heat accumulator. Oil stoves, electric devices, LPG, firewood 
stoves and Air Condition devices are quite low, except in Central Macedonia where the 
observations of them are significant. Of course this huge number is attributed to the 
large population in comparison with the other examined Prefectures. Furthermore, there 
is one small sample size observed to have another type of heating means to cover this 
need. Finally, in East and Central Macedonia there are 2 observations having no heating 
mean in their home.   
6.3.2 Age of the heating means 
Oil boiler 
8.5% of the examined Prefectures have new oil boilers with maximum 5 years installed 
in their homes, 22% have an oil boiler installed between 6 to 10 years ago, 41.3% of oil 
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boilers are between 11 to 20 years old and finally 23.3% are more than 20 years old. 
Unfortunately, 4.8% of the sample did not know the age of their oil boiler.       
Natural gas boiler (NG boiler) 
358 households of the total size use a NG boiler for heating. 44.1% of them uses a new 
natural gas boiler with a maximum 5 years since installation, 49.4% uses a NG boiler of 
between 6 to 10 years and 6.4% uses one of between 11 to 20 years. 
Heat accumulator  
66 households of the total sample size in the five Prefectures use a heat accumulator mean. 
13.6% of the total has a heat accumulator for maximum 5 years, 19.7% has it for between 6 to 
10 years, 19.7% has it more between 11-20 years and finally 45.4% has it for more than 20 
years in their homes. A small percent of 1.5 did not know the age of their heat accumulator. 
AC  
347 of the total 2183 households has an AC system for heating. 42.4% of them has it 
less than 5 years, 37.2% has it between 6 to 10 years, 17.3% has it between 11 to 20 
years and 1.7 has it for more than 20 years.   
6.3.3 Months of operation per year and hours per day of the heat-
ing means 
Oil boiler 
2.2% of the total sample uses an oil boiler for less than 1 month in a year, 0.9% uses it 
for 1 month, 4.5% uses it for 2 months, 7% for 3 months, 17.1% for 4 months, 32.4% 
for 5 months, 24.6% for 6 months and 11.2% for more than 6 months. Furthermore, 
12.8% uses the oil boiler for less than 2 hours/day, 42.1% for between 3 to 5 hours/day, 
25.5% for between 6 to 8 hours/day, 10.2% for between 9 to 11 hours/day, 3.2% for be-
tween 12 to 14 hours/day, 3.7% for 15 to 17 hours/day and 1.1% for more than 17 
hours/day. There is also a small sample of 1.5% where the operation of the oil boiler is 
constant all day long.  
Natural gas boiler (NG boiler) 
4.7% of the total uses a NG boiler for 3 months, 15.6% for 4 months, 28.5% for 5 
months, 41.9% for 6 months and 8.1% more than 6 months. Also, 3.4% operates a NG 
boiler for less than 2 hours/day, 45.8% for between 3 to 5 hours, 38.3% for between 6 to 
8 hours, 4.5% for between 9 to 11 hours, 4.5% for between 15 to 17 hours/day.  
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Heat accumulator 
3% of the total uses the heat accumulator for 1 month in a year, another 3% also uses it 
for 2 months, 7.6% uses it for 4 months, 36.4% operates it for 5 months, 40.9% uses it 
for 6 months and 9.1% for more than 8 months in a year. In addition, 9.1% of the total 
uses it for less than 2 hours/day, 16.7% for 3 to 5 hours, 43.9% for 6 to 8 hours, 18.2% 
for 9 to 11 hours, 9.1% 12 to 14 hours and 3% for 15-17 hours/ day.  
AC 
8.4% of the total sample uses the AC system for less than 1 month, 9.2% for 1month, 
15.6% for 2 months, 17% for 3 months, 10.7% for 4 months, 13.5% for 5 months, 
15.6% for 6 months and 10.1% for more than 6 months. Also, 28.8% demonstrates less 
than 2 hours of operation per day, 47% about 3-5 hours, 14.7% between 6 and 8 hours, 
6.9% around 9-11 hours and 1.7% has 12-14 hours per day.   
 There were also observations for the use of the oil stove, the LPG stove, the fire-
wood stove and electric devices but there were too little to be considered as a reliable 
sample and to be used in order to extract results from them. 
6.4 Domestic hot water systems 
In this section, the age of the domestic hot water systems used in these 5 Prefectures as 
well as the frequency in use and the hours/day of operation are going to be discussed. 
6.4.1 Age of dhw systems 
Oil boiler 
8% of the total has a dhw oil boiler for less than 2 years, 8.9% owns it for 3-4 years, 
9.9% has it for 5-6 years, 13.9% has it for 7-8 years, 12.6% for 9-10 years, 20.7% for 
11-15 years, 9.1% for 16-20 years, 12.9% for more than 20 years and 3% do not know 
about the age of it. 
Electric water heater 
3% of the total, use an electric water heater for less than 2 years, 3.9% for 3-4 years, 6% 
for 5-6 years, 10.7% for 7-8 years, 16.6% for 9-10 years, 25.9% for 11-15 years, 16.4% 
for 16-20 years and 14.4% for more than 20 years.   
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NG water heater 
18.4% of the total sample from 5 Prefectures, uses the NG water heater in their house-
hold less than 2 years, 26,3% for 3-4 years, 17.1% for 5-6 years, 23.7% for 7-8 years, 
9.2% for 9-10 years, 1.3% for 11-15 years and finally 3.9 do not know the age of the 
system. 
Speed water heater NG boiler 
16.7% of the sample has a speed water heater NG boiler in their houses for more than 2 
years, 22.9% has it for 3-4 years, 22.9% for 5-6 years, 17.7% for 7-8 years, 12.5% for 9-
10 years, 5.2% for 11-15 years and 2.1% of the sample do not know the age of the sys-
tem.  
District water heating 
2.9% of the sample size uses a district water heating system for less than 2 years, 5.7% 
for 3-4 years, 2.9% for 5-6 years, 17.1% for 7-8 years, 25.7% for 9-10 years, 20% 
for11-15 years and 25.7% for 16-20 years.  
Solar water heating 
4.1% of the total has a solar water heating system for less than 2 years, 5.8% has it for 
3-4 years, 7.6% for 5-6 years, 12.2% for 7-8 years, 20.8% for 9-10 years, 23% for 11-15 
years, 13.8% for 16-20 years and 11.1% for more than 20 years. There is also a 1.5% of 
the sample that does not know the age of the system in their home. 
6.4.2 Frequency in the use of the dhw systems and hours/day of 
operation 
Oil boiler water heating 
54.2% of the total use of the oil boiler for water heating is daily, 25.9% is 3-6 
times/week, 13.3% is less than 2 times, 3.7% uses it rarely and finally 3% does not use 
it at all. 51% of the total uses the oil boiler for no more than 2 hours/day, 17.1% for 3-5 
hours, 11.2% for 6-8 hours, 3.8% for 9-11 hours, 3.3% for 12-14 hours and 2.4% for 14-
17 hours/day. Finally, 10% of the total uses it constantly throughout the day (24hours).      
Electric water heater 
18.2% uses the electric water heater every day, 41.3% uses it 3-6 times per week, 23.7% 
uses it less than 2 times and 15.3% does not use it at all. 90.6% uses it for less than 2 
hours per day and 9.4% for 3-5 hours per day.  
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NG water heater 
76.3% of the sample uses the NG water heater every day, 19.7% uses it 3-6 times/week, 
2.6% uses it less than 2 times/week and 1.3% uses it rarely. 48% of the total uses it for 
less than 2 hours/day, 29.3% for 3-5 hours/day, 19% for 6-8 hours, 1.7% for 9-11 hours 
and 1.7% for more than 17 hours per day.  
Speed water heater NG boiler 
99% of the total uses it every day and 1% 3-6 times per week. 35.8% uses it for less 
than 2 hours/day, 31.6% uses it for 3-5 hours, 31.6% uses it for 6-8 hours and 1.1% for 
12-14 hours per day. 
District water heating 
85.7% uses the district water heating system every day, 8.6% uses it 3-6 times per week, 
2.9% for less than 2 times per week and 2.9% do not know. 93.3% uses it for less than 2 
hours per week, 3.3.% uses it for 3-5 hours and 3.3.% uses it for 15-17 hours per week.  
Solar water heating 
59% of the sample for the examined area answered that they use the solar water heating 
system every day, 28.4% 3-6 times per week, 6.2% less than 2 times per week, 1.4% 
rarely and 0.4% never and finally 4.5% do not know. 60.4% use it for less than 2 
hours/day, 24% for 3-5 hours/day, 12.8% for 6-8 hours/day, 0.5% for 9-11 hours/day, 
1.5% for 12-14 hours/day and 0.7% for 15-17 hours/day. 
 There were also observations for the electric heat pump and geothermal heat pump 
water heating, speed water heating and for other water heating, but they were too little 
to extract reliable sample results from.  
6.5 Cooling systems 
In this part cooling systems used in the 5 examined Prefectures are going to be present-
ed. These systems are the air conditioning and the electric heat pump.  
6.5.1 Age of the cooling system used 
Air conditioning system 
1st unit: 9.9% of the sample has the system installed for less than 2 years, 24.5% for 3-5 
years, 27.4% for 6-8 years, 22% for 9-12 years, 13.7% for 12-20 years and 0.9% for 
more than 20 years. 
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2nd unit: 10.2% has it for less than 2 years, 22.2% for 3-5 years, 22.8% for 6-8 years, 24% for 
9-12 years, 18% for 12-20 years and 1.8% for more than 20 years.  
6.5.2 Power of the units (btu/h) 
1st unit: 24.4% of the total has a unit power 9,000 btu/hour, 41.9% has 12,000 btu/hour, 
17.7% has 18,000 btu/hour and finally 24% has 24,000 btu/hour.  
2nd unit: 44.3% has a unit with the power of 9,000 btu/hour, 34.1% has 12,000 btu/hour, 
4.8% has 18,000 btu/hour and finally 2.4% has 24,000 btu/hour. 
6.5.3 Months and hours/day of operation 
1st unit: 13.9% of the total uses it for less than 1 month in the year, 18.8% for 1 month, 
37.4% for 2 months, 19.8% for 3 months, 5.8% for 4 months, 1.6% for 5 months, 1% 
for 6 months and 1.7%  for more than 6 months in a year. Also, 35.5% of the total uses 
it for no more than 2 hours/day, 49.5% for 3-5 hours/day, 10.7% for 6-8 hours, 2.7% for 
9-11 hours, 2.7% for 12-14 hours and 0.8% for 15-17 hours.  
2nd unit: 13.2% of the total uses it for less than 1 month in the year, 13.2% for 1 month, 
34.7% for 2 months, 21% for 3 months, 8.4% for 4 months, 5.4% for 5 months, 1.2% 
for 6 months and 3% for more than 6 months in a year. Also, 35.5% of the total uses it 
for no more than 2 hours/day, 42.2% for 3-5 hours/day, 14.5% for 6-8 hours, 4.8% for 
9-11 hours, 1.2% for 12-14 hours and 0.6% for 15-17 hours.  
6.5.4 Inverter technology 
1st unit: 60.6% of the units are inverter technology and 39.4% are not. 
2nd unit: Almost 60% of the units are inverter technology and the 40% are not. 
6.6 Presence of thermal insulation  
From Table 48, it is clear that, the majority of buildings in each of the 5 examined Pre-
fectures were constructed between 1961 and 1980. As it was previously mentioned, this 
led a huge building stock without thermal insulation due to a lack of a specific Regula-
tion[32]. There was an 100% lack of insulation for every climatic zone in Greece. After 
1981 when building thermal insulation became obligatory, all of the building stock con-
structed was theoretically designed with the existence of thermal insulation. Despite the 
Regulation, there are buildings constructed that still do not have thermal insulation at all 
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or they are partly insulated. More specifically the results of this study have shown the 
following: 
6.6.1 Presence of thermal insulation in dwellings 
Until 2015, 39.1% of the sample had installed some kind of insulation in their home, 
while 53% had not. Almost 8% did not know about the existence of insulation in their 
dwelling.  
6.6.2 Roof insulation 
24.6% of the sample answered that they installed roof insulation in their dwelling, while 
75.4% had not. 
6.6.3 External walls insulation 
6.4% of the sample had been observed to have external insulation on the building walls 
while 93.6% did not. 
6.6.4 Existence of some kind of insulation on the building enve-
lope    
16.7% of the sample observed to have some kind of insulation on the building envelope 
and 83.3% did not.  
6.6.5 Floor insulation 
13.8% of the observations had floor insulation in their dwelling and 86.2% of them did 
not. 
6.6.6 Internal walls insulation 
9.4% of the sample had internal insulation on the walls, while the other 90.6% did not. 
6.6.7 Other kind of insulation 
0.4% of the sample answer that they had another kind of insulation on their dwelling. 
6.6.8 Glazing type 
Single glazing insulation 
42.8% of the sample had single glazing window insulation and 57.2% did not. 
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Double/triple glazing insulation 
59.8% of the sample had double/triple glazing window insulation while 40.2% did not. 
6.6.9 Window frames type 
Wood frame 
23.6% of the sample had wood window frames in their dwelling and 76.4% did not have 
wood type frames. 
 
Aluminum frame 
63.7% of the sample had aluminum window frames in their dwelling and 36.3% did not 
have aluminum type frames. 
 
PVC frame 
15.4% of the sample had PVC window frames and 84.6% did not. 
 
Other type frame 
0.6% of the sample had another type of frame on their windows. 
 
At this point, it should be mentioned that, the valid line of the Tables are the obser-
vations that answered YES to the questions and the missing value line means that the 
sample answered NO (according to the ELSTAT file in correspondence with the varia-
bles). 
To sum up, there is an enormous building stock constructed before 1980, until 
which date, there was no thermal energy building Regulation in order to design build-
ings with high energy performances. The heating means, the dhw systems and the cool-
ing systems used in households are too old, being less efficient to cover the needs. For 
example, 41.3% of oil boilers are 11 to 20 years old, and 45.4% of heat accumulators 
have been operating for more than 20 years, which are extremely high percentages. In 
general, it is well known that, the efficiency of HVAC systems drops year by year and it 
is expected to use more energy in order to cover the same needs in comparison with the 
first years of installation. Almost 68% of the heating means are in operation for more 
than 5 months in a year, which means that for almost the half of the year they do need a 
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heating system to achieve thermal comfort conditions indoors. For cooling, the majority 
of the sample of the examined area uses an air-conditioning system with 2 units in each 
dwelling and some of them a third one. Almost 30% of the 1st unit and 40% of the 2nd 
are in operation for more than 3 months in a year and 40% of them do not contain in-
verter technology. 
Talking about thermal insulation, 53% of the sample did not have any thermal insula-
tion in their dwelling at all until 2015. 75.4% had no roof insulation, 93.6% had no ex-
ternal wall insulation, 86.2% had no internal wall insulation and 90.6% had no floor in-
sulation. Even though there was an energy building performance Regulation after 1979, 
there were lots of non-insulated buildings with really low energy performances. The 
majority of the windows frames were aluminum and double or triple glazing insulation 
was about 60% of the sample. These numbers indicate the low energy performances of 
these dwellings and in combination with the low income conditions of the households 
create an irresolvable energy poverty cycle.  
 
7 Conclusions and policy im-
plications 
In this study, the phenomenon of energy poverty, the main factors creating it and the 
problems that it causes are described. Firstly, Europe’s state of the art is presented and 
more specifically its economic situation, its climate divided in zones with common cli-
mate conditions (according to the Köppen-Geiger division) and its buildings stock in 
order to present a holistic view of the situation that exists. Greece got chosen to be ex-
amined as a case study in which the above factors are presented in detail, focusing on 
the C' and D' climatic zones which are the coldest areas in the country.  
 Greece is located in South Europe and has the “disadvantage” of needing both heat-
ing and cooling, depending on the season, just like the other regions in the South. The 
majority of the Greek building stock was constructed before 1980 which brought to the 
table a huge building stockpile with very low energy performances to handle. Unfortu-
nately, it is obvious that energy poverty in Greece is a continuously rising problem since 
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the financial crisis made its appearance 8 years ago. The findings of this study have 
shown that the poor income household conditions in combination with an old and low 
energy performance building stock and the climatic conditions are the most fundamental 
aspects that exacerbate the energy poverty scene. As a consequence, it is unbearable for 
the poor population to pay their energy bills which are most likely high, due to the lack 
of envelope’s insulation of the dwellings, as many losses from the thermal bridges exist. 
If fuel and energy poverty are not the same, then the first definition is certainly part of 
the second one and as Fabbri said in his case study: “For these people, fuel poverty is 
like a punishment: too poor to pay energy bills and too poor to improve buildings.”[33].  
To tackle the energy poverty scourge, a multidimensional scheme of actions and 
frameworks from a local to a global level should be accomplished. This should contain 
a joint attempt in policies which will be especially designed for that reason, starting 
from a common and specific definition establishment and dissemination, worldwide. 
Furthermore, records must be kept for the energy poverty indexes of each country, such 
as energy consumption, income, building stock, climatic conditions, energy prices and 
demographic factors, in order to come up with specialized solutions after a valid statis-
tical numbers configuration. The problem needs specific handling from communities 
instead of general measures and relative energy actions that witnessed till now. An ex-
amination of building typologies to find the demands of each dwelling should be made. 
In addition, a GIS solution guide would likely help[33].  
The nearly zero-energy buildings legislation (nZEB) is a golden perspective solution 
for the new buildings to be of very high energy performances by consuming the mini-
mum possible amounts of energy.  The gravity of the problem concerns the existing 
building stock, as it is much easier to construct a “proper” building from the start, rather 
than retrofit it after its construction. In this way the Energy Performance of Buildings 
Directive (2010/31/EU) was directed which set as a target the renovation of existing 
buildings in Europe[34].   
Governments, should firstly identify the most vulnerable and poor population and 
then amplify them with palliative measures policies in the long term, such as the energy 
refurbishment of the buildings intending to decrease energy demands, instead of short 
term solutions, such as oil allowances and subsidies, which are a temporary relief but 
only strengthening the energy consumption without any constant and essential solutions. 
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So, it is important to implement policies not univocally but by eliminating both the 
causes and the repercussions that would fully disassembling the source of the problem. 
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